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The  second  volume  of  the  reference  book  under  the  general 
editorship  of  Ye.  Ya.  Mel'nikov  examines  the  physical  and  chemical 
fundamentals  of  the  processes  and  industrial  plans  for  the  production 
of  nitric  acid  and  nitrogen  fertilizers. 

This  volume  presents  the  properties  and  areas  of  application  of 
metals  and  alloys  which  are  used  as  construction  materials  in  the 
nitrogen  industry,  as  well  as  the  properties  of  refractory  and  heat- 
insulating  materials.  It  makes  recommendations  on  the  use  of  a  number 
of  anticorrosion  materials ,  and  gives  the  characteristics  and  calcu¬ 
lations  for  the  main  equipment  and  the  most  important  information  on 
the  thermal  and  electrical  engineering  equipment.  Questions  of 
accident  prevention  are  briefly  touched  upon. 

The  reference  book  is  intended  for  engineering  and  technical 
workers  of  enterprises  of  the  nitrogen  and  other  sectors  of  the  chemi¬ 
cal  industry,  for  specialists  working  in  scientific  research  and 
planning  institutes  ,  design  offices  and  other  organizations ,  as  well 
as  for  teachers  of  VUZ's  [higher  educational  institutions]  and 
students  who  are  specializing  in  the  field  of  the  technology  of  inor¬ 
ganic  products. 

The  reference  book  contains  444  pages ,  239  tables ,  242  figures 
and  294  bibliographic  references. 
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Foreword 


As  a  result  of  the  significant  development  of  the  domestic 
nitrogen  industry,  it  has  become  necessary  to  provide  the  numerous 
workers  of  chemical  enterprises  ,  educational  institutions ,  scientific 
research,  planning-design  and  other  organizations  with  a  reference 
manual  which  would  generalize  the  resul ts  of  theoretical  research  and 
the  rich  practical  experience  accumulated  by  now  in  this  sector  of 
the  chemical  industry.  This  Reference  Book  whose  compilation  was 
worked  on  by  a  la.rge  group  of  leading  specialists  of  the  State  Sci¬ 
entific  Research  and  Planning  Institute  of  the  Nitrogen  Industry  and 
Products  of  Organic  Synthesis  (GIAP)  ,  has  systematized  the  results- 
of  both  the  many  years  of  production  experience ,  and  the  new  sci¬ 
entific  research  and  planning-design  work. 

The  Reference  Book  for  the  Nitrogen  Industry  Worker  is  pub¬ 
lished  in  two  volumes.  Volume  I  which  was  previously  published,  de¬ 
scribes  the  physical  and  chemical  properties  of  gases  and  liquids , 
methods  of  production  and  purification  of  production  gases  ,  and  the 
processes  of  synthesis  of  ammonia  and  methanol.  Since  the  USSR 
has  introduced  the  International  System  of  Units  (SI)  starting  with 
1  January  1963,  the  compilers  considered  it  useful  to  place  in  the 
beginning  of  Volume  I  a  list  of  the  most  important  units  of  this 
system  and  the  coefficients  for  converting  certain  units  of  engineering 
and  other  measurement  systems  into  SI  units. 

The  second  volume  consists  of  five  sections.  The  section  "Pro¬ 
duction  of  Nitric  Acid"  concisely  describes  the  raw  material  and 
certain  auxiliary  materials,  examines  the  properties  of  nitric  acid 
and  nitric  oxides ,  states  the  fundamentals  for  the  processes  of  con¬ 
tact  oxidation  of  ammonia  and  refining  of  nitric  oxides  into  acid, 
gives  the  necessary  information  on  catalysts,  presents  industrial 
plans  for  producing  diluted  (weak)  nitric  acid  and  new  methods  of 
producing  it ,  and  shows  the  main  production  equipment  of  nitric  acid 
systems  and  the  principles  of  their  automation.  This  section  des¬ 
cribes  the  direct  synthesis  of  concentrated  nitric  acid  from  liquid 
nitric  oxides  and  processes  of  concentrating  nitric  acid  with  the 
help  of  sulfuric  acid  and  magnesium  nitrate. 


The  second  section,  "Production  of  Nitrogen  Fertilizers" 
examines  the  physical  and  chemical  properties  and  processes  of  pro¬ 
ducing  ammonia,  calcium,  potassium  and  sodium  nitrates  ,  ammonium 
sulfate ,  carbamide ,  liquid  nitrogen  fertilizers  ,  and  also  covers 
questions  of  the  quality  and  application  of  the  listed  products. 

The  third  section  briefly  describes  the  design,  corrosion- 
resistant,  refractory  and  thermal- insulating  materials  used  in  the 
nitrogen  industry,  and  presents  necessary  data  on  compressors, 
pumps,  high  pressure  vessels  and  gas  holders. 

The  fourth  section  covers  questions  of  the  energy  supply  for 
nitrogen  plants.  It  contains  the  basic  data  on  thermal  and  electrical 
equipment ,  describes  the  most  important  thermal  engineering  equip¬ 
ment  and  electrical  equipment ,  and  makes  recommendations  for  its 
selection  as  applied  to  the  operating  conditions  in  different 
spheres  of  chemical  production. 

The  fifth  section  presents  the  basic  information  on  accident 
prevention  in  the  nitrogen  industry  in  the  form  of  tables. 

The  editorial  staff  hopes  that  the  Reference  Book  for  the 
Nitrogen  Industry  Worker  will  be  a  useful  manual  for  the  workers 
of  the  chemical  industry  and  will  give  them  specific  help  in  their 
daily  work.  Comments  and  remarks  of  the  readers  which  are  aimed 
at  improving  the  contents  of  the  Reference  Book  will  be  gratefully 
received  by  the  group  of  authors . 


I.  Production  of  Nitric  Acid 
Editor-in-chief  of  the  section  B.  P.  Samarin 
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Nitric  acid  belongs  to  the  most  important  products  of  the 
chemical  industry.  It  is  used  to  produce  nitrogen  fertilizers, 
technical-grade  nitrates,  explosives,  dies  and  many  other  products. 
The  industry  manufactures  diluted  (weak)  and  concentrated  (strong) 
nitric  acid,  as  well  as  comparatively  small  quantities  of  reactive 
and  especially  pure  acid. 


Below  is  the  volume  of  production*  of  nitric  acid  in  the  tech¬ 
nically  developed  capitalist  countries(in  million  m  of  100%  HNO^) : 


Countries 

1962- 

1963 

1965- 

1966 

Countries 

1962- 

1963 

1965- 

1966 

United  States 

3. A 

A. 7 

Norway 

1.25 

FRG 

2.2 

2.55 

Netherlands 

Bam 

0.95 

France 

Italy 

1.73 

1.05 

2.2 

1.3 

England 

H 

0.90 

In  1965-1966,  nitric  acid  accounted  for  about  22.5%  of  the  world 
production  of  bound  nitrogen. 

Modem  methods  for  producing  diluted  nitric  acid  are  based  on 
the  use  of  synthetic  ammonia  and  atmospheric  air  as  the  raw  material. 
The  process  of  its  production  consists  of  two  basic  stages:  1)  con¬ 
version  (oxidation)  of  ammonia  and  nitric  oxide  by  air  oxygen  in  the 
presence  of  a  catalyst;  2)  oxidation  of  nitric  oxide  into  higher 
nitric  oxides  and  their  absorption  by  water  with  the  formation  of 
diluted  nitric  acid. 


Concentrated  nitric  acid  is  produced  by  two  methods:  distil¬ 
lation  with  sulfuric  acid  (vitriol  oil)  or  with  a  melt  of  magnesium 
nitrate  used  as  the  water- removing  substances  ,  and  by  direct  synthe¬ 
sis  from  liquid  nitric  oxides,  water  (or  diluted  nitric  acid)  and 
pure  oxygen  under  50  atm.  pressure. 

The  greater  part  of  the  diluted  nitric  acid  is  processed  into 
nitrogen  fertilizers  and  technical-grade  nitrates  at  the  same  enter¬ 
prises  where  it  is  produced.  Concentrated  nitric  acid  and  blend 
(mixture  of  it  with  sulfuric  acid)  are  manufactured  as  commercial 


Indicators 

Grade 

first 

second 

third 

KNCU  concentration ,«  no  less 
Content  of  nitric  oxides, 1 

55 

47 

45 

no  more 

0.15 

0.2 

0.2 

Calcined  residue  ,%  ,  no  more 

0.05 

0.1 

0.1 

products . 

Concentrated  nitric  acid  is  manufactured  in  three  grades 
according  to  GOST  701-68  [state  standard]: 


Indicators 

1 _ Grade 

highest 

first 

second 

HNO^  concentration ,%  no  less 

Content  ,£ ,  no  more 

98.5 

98 

97 

HoSO^ 

nitric  oxides  (in  conversion  for 

0.05 

0.08 

0.12 

N2°4) 

calcined  residue 

0.3 

0.3 

0.4 

0.015 

0.02 

,  QJBA _ 

The  following  requirements  are  made  of  the  diluted  nitric  acid 
(MRTU  6-03-159-63):  (see  the  table  at  the  top  of  the  page). 

Industrial  systems  for  producing  diluted  nitric  acid  are  mainly 
distinguished  in  pressure  at  the  main  stages  of  production.  The 
nitric  acid  systems  are  customarily  divided  into  the  following  groups: 

systems  which  operate  under  pressure  close  to  atmospheric; 
systems  which  operate  under  increased  pressure; 

systems  which  operate  by  combined  method  (oxidation  of  ammonia  is  done 
with  pressure  close  to  atmospheric  or  moderate  pressure ,  absorption 
of  the  formed  nitric  oxides  is  at  high  pressure) . 

Raw  Material  and  Certain  Auxiliary  Materials 

The  chief  raw  material  for  nitric  acid  production  is  gaseous 
ammonia,  air  and  water.  In  individual  cases,  technical-grade  oxygen 
is  used  to  intensify  the  production  of  diluted  nitric  acid.  The  former 
is  also  used  to  produce  concentrated  nitric  acid  obtained  by  the  method 
of  direct  synthesis. 
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Ammonia 


Gaseous  ammonia  is  usually  obtained  from  liquid  ammonia  which 
must  meet  the  requirements  of  GOST  6221-62  (see  volume  I,  p.  370). 

In  addition  to  admixtures  of  oil ,  particles  of  catalyst  for  the  syn¬ 
thesis  of  ammonia  and  products  of  corrosion  of  equipment  and  pipelines , 
liquid  ammonia  contains  up  to  2  g j\  of  ammonium  carbonate  and  up  to 
0.5%  dissolved  gases  (hydrogen,  methane,  as  well  as  argon  and  other 
inert  gases).  During  evaporation  of  liquid  ammonia,  part  of  these 
admixtures  become  gaseous  ammonia. 

Table  1-1  presents  the  main  thermodynamic  properties  of  ammonia 
(see  also  volume  I,  section  I). 

Air 


The  most  important  condition  for  reaching  a  high  degree  of  con¬ 
version  of  ammonia  into  nitric  oxide  is  the  sufficient  purity  of  the 
ammonia-air  mixture.  The  main  source  of  its  contamination  with  ad¬ 
mixtures  is  air.  In  the  production  of  diluted  nitric  acid,  air  is 
generally  taken  in  directly  at  the  contact  sections.  It  must  not 
contain  more  than  0.007  mg/m  of  mechanical  admixtures  (scale, 
silicates,  etc.),  as  well  as  chemical  admixtures,  the  majority  of 
which  irreversibly  poison  the  catalysts  of  ammonia  oxidation  into 
nitric  oxide. 

The  properties  of  air  are  presented  in  volume  I,  section  I. 

Some  data  are  given  in  tables  1-2  and  I- 2a. 

Oxygen 

Oxygen  is  used  in  the  production  of  diluted  nitric  acid  to 
enrich  the  air  used  in  contact  oxidation  of  ammonia.  In  direct  synthe¬ 
sis  of  concentrated  nitric  acid,  oxygen  is  one  of  the  main  reagents. 
Oxygen  is  generally  used  which  was  obtained  by  the  method  of  deep 
air  cooling.  The  content  of  organic  compounds  in  it  must  not  be 
higher  than  16  mg/m  . 


TABLE  1-1.  MAIN  THERMODYNAMIC  PROPERTIES  OF  AMMONIA 


Temperature 

°C 

Absolute 
pressure 
kg-f  /cnr 

Densitv 

Enthalnv 

Seat  of 
steam  forma¬ 
tion,  kcal/1 

of  li¬ 
quid 
ka/l 

of  steam 
kg  An 

of  li¬ 
quid 

3f  steam 

40 

15.850 

0.5795 

12,005 

145,52 

408,37 

262,85 

:« 

14,990 

0,5827 

11,353 

143,16 

408.23 

265,07 

.36 

14,165 

0,5859 

10,731 

140,82 

408,06 

267,24 

34 

13,374 

0,5890 

10,138 

138,48 

407,88 

269.40 

32 

12,617 

0,5921 

9,573 

136,16 

407,67 

271.51 

30 

11,895 

0,5952 

9,034 

133,84 

407,43 

273,59 

2S 

11,204 

0,5983 

8,521 

131,54 

407,17 

275,63 

26 

10,544 

0,6013 

8,031 

129,24 

406,89 

277,65 

24 

9.915 

0,6043 

7.564 

126.94 

406,59 

279,65 

22 

9,31  i 

0,6073 

7,119 

124.66 

106,27 

281,61 

20 

8.741 

0,6103 

6,694 

122.38 

405.93 

283,55 

IS 

8,190 

0,6132 

6.289 

120,11 

405,57 

285.46 

16 

7,677 

0.6161 

5.904 

117.85 

405,19 

287.34 

14 

7.18.3 

0,6190 

5.537 

1 15.5 9 

404.79 

289.20 

12 

6.71.3 

0,6218 

5.189 

113.35 

404.38 

291.0.3 

10 

6.271 

0.6247 

4,859 

111.11 

403.1)5 

292,84 

S 

5,849 

0,6275 

4,546 

108,87 

49.3.50 

294.63 

rt 

5,45o 

0,6303 

4.250 

106,65 

403.04 

296,39 

4 

r>.o7:i 

0,6331 

3,969 

104.43 

402.55 

298,12 

‘1 

4,716 

0,6358 

3,703 

102.21 

402.04 

299.83 

O 

4,379 

0,6386 

3,452 

100,(10 

401.52 

.301.52 

__2 

4.06(1 

0,6413 

3,216 

97.79 

400.98 

303.19 

— 4 

.3,761 

0,6440 

2,991 

95.59 

400.42 

.304,8.3 

— 

3.481 

0,6467 

2,779 

93,40 

399.85 

-8 

3,216 

0,6497 

2.579 

91.81 

399.27 

.308.06 

—  10 

2.966 

0,6520 

2,390 

89.03 

398,67 

309,64 

—  12 

2,732 

0,6546 

2,213 

86,65 

398,06 

311.21 

-14 

2.514 

0,6572 

2,046 

84.68 

397,44 

312.76 

-16 

2,309 

0,6598 

1.889 

82,50 

396,79 

314.29 

-18 

2.117 

0.6624 

1,742 

80,33 

396,13 

315,80 

-20 

1.940 

0,6650 

1,604 

78,17 

395,46 

317,29 

-22 

1 .774 

0,6676 

1,474 

76,01 

394,77 

318,76 

-24 

1.619 

0,6701 

1,354 

73,86 

394.07 

.320,21 

—26 

1 .475 

0,6726 

1,242 

71.71 

.393,36 

321.65 

-28 

1 .342 

0,6752 

1,136 

69.59 

392.64 

323.08 

—10 

1,219 

0.6777 

1,038 

67.42 

391.91 

324,59 

-32 

1.105 

0.6801 

0.948 

65.28 

391.17 

.325,89 

-14 

1,000 

0,6826 

9,863 

63,15 

390.41 

327.26 

_  16 

0.903 

0,6851 

9,785 

61,01 

389.65 

328.64 

—  .38 

0,814 

0,6875 

0,712 

58,88 

388.88 

330.00 

-40 

0.732 

0,6900 

0,645 

56.80 

388.111 

331.30 

-42 

0.657 

0,6924 

0,583 

54.60 

387.30 

332.7 

-44 

0.588 

0.6948 

0.526 

52.50 

386,5 

334.0 

-46 

0.526 

0,6972 

0.473 

50.40 

385.7 

335.3 

—  IS 

0,469 

0,6996 

0.425 

48.4(1 

.384.9 

3.36.6 

—.40 

o,417 

0  7020 

9,381 

40,20 

.384,1 

337,9 

The  oxygen  obtained  by  water  electrolysis  is  usually  contamin- 
ated^with  hydrogen  (1-3%)  and  finely  dispersed  particles  of  alkali 
("alkali  fog")  whose  content  is  25-150  mg/m^.  The  use  of  electro¬ 
lytic  oxygen  for  production  of  concentrated  nitric  acid  is  cate¬ 
gorically  forbidden  because  of  the  possible  formation  of  explosive 
mixtures  with  hydrogen. 


The  use  of  electrolytic  oxygen  is  permitted  in  the  production 
of  diluted  nitric  acid  only  after  it  has  been  purified  of  alkali  fog. 
The  properties  of  oxygen  are  presented  in  volume  I  of  the  Reference. 
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TABLE  1-2.  PHYSICAL  PROPERTIES  OF  DRY  AIR1  AT 


74‘0  Ml  He 


t,°C 

2  ,kg/m3 

CP 

kcal 

%F3eg 

X-10* 

kcal 

*•  10* 
m2/h 

fo* 

kg-f  «s 

m 

.•10* 

m2/s 

Pr 

m-h*deg 

-50 

1,584 

0.242 

1,75 

4,57 

1,49 

9,23 

0,728 

— <0 

1,515 

0,242 

1,82 

4,96 

1,55 

10,04 

0,728 

-30 

1,453 

0,242 

1,89 

5,37 

1,60 

10,80 

0,723 

-20 

1,305 

0,241 

1,96 

5,83 

1,65 

12,79 

0,716 

—  10 

1,342 

0,241 

2,03 

6,28 

1,70 

12,43 

0,712 

0 

1,293 

0,240 

2,10 

6,77 

1,75 

13,28 

0,707 

^•10 

1,247 

0,240 

2,16 

7,22 

1,80 

14,16 

0,705 

20 

1,205 

0,240 

2,23 

7,71 

1,85 

15,06 

0,703 

30 

1,165 

0,240 

2,30 

8,23 

1,90 

16,00 

0,701 

40 

1,128 

0,240 

2,37 

8,75 

1,95 

16,96 

0,699 

50 

1,093 

0,240 

2,43 

9,26 

2,00 

17,95 

0,698 

«0 

1,060 

0,240 

2,49 

9,79 

2,05 

18,97 

0,696 

70 

1,029 

0,241 

2,55 

10,28 

2,10 

20,02 

0,694 

no 

i.ooo 

0,241 

2,62 

10,87 

2,15 

21,09 

0,692 

9(1 

0,972 

0,241 

2,69 

11.48 

2,19 

22.10 

0,690 

1"0 

0,946 

0,241 

2,76 

12,11 

•) 

23,13 

0,688 

120 

0,898 

0,241 

2,87 

13,26 

2,33 

25.45 

0,686 

140 

0,854 

0,242 

3,00 

14,52 

2,42 

27,80 

0,684 

160 

0,815 

0,243 

3,13 

15,80 

2,50 

30,09 

0,682 

180 

0,779 

0,244 

3,25 

17,10 

2,58 

32,49 

0,681 

200 

0,746 

0,245 

3,38 

18,49 

2,65 

34,85 

0,680 

250 

0,674 

0,248 

3,67 

21,96 

2,79 

40,01 

0,677 

300 

0.615 

0,250 

3,96 

25,76 

3,03 

48.33 

0,674 

350 

0,566 

0,253 

4.22 

29,47 

3,20 

55,46 

0,676 

400 

0,524 

0,255 

4,48 

33,52 

3.37 

63,09 

0,678 

500 

0,456 

0,281 

4,94 

41,51 

3,69 

79,38 

0,687 

600 

0,404 

0,266 

5,35 

49,78 

3,99 

96,89 

0,699 

700 

0,362 

0,271 

5,77 

58,82 

4,26 

115,4 

0,706 

800 

0,329 

0,278 

6,17 

67,95 

4,52 

134,8 

0,713 

ooo 

0,301 

0,280 

5,56 

77,84 

4,76 

155.1 

0,717 

1000 

0,277 

0,283 

6,94 

88,53 

5,00 

177,1 

0,719 

Designations:  t- - temperature ; 
a  —  temperature  conductivity;  y 
sity;  Pr — Prandtl  criterion. 


c  --heat 
P 

--dynamic 


capacity;  \ — heat  conductivity 
viscosity;  v--kinematic  visco- 


Water 


For  absorption  of  nitric  oxides ,  pure  condensate  of  water  vapor 
is  used,  and  often  the  condensate  of  liquor- tanned  vapor  from  the 
production  of  ammonium  nitrate  .  In  individual  cases  ,  chemically 
purified  water  in  a  mixture  with  water  vapor  condensate  is  used.  It 
must  contain  no  more  than  5  mg/t  of  chlorides.  The  water  must  not 
contain  a  greater  quantity  of  admixture  of  sodium  chlorides  since 
the  latter  interact  with  nitric  acid: 
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N«Cl  +  lfNO,=HCl-r  NfliNKV, 

3I1CI  t-  UNOj— Ci,+  N0C1 4-  2HtO 
'i1INOs+3N»C1=CI,H-NOC1  r  2H,04-3NaN<), 

TABLE  I- 2a.  AIR  DENSITY  p  ,  CONTENT  IN  IT  OF 
MOISTURE  W  AND  PRESSURE  OF  WATER  VAPOR  pH  Q 

AT  760  mm  Kg  AND  COMPLETE  SATURATION  WITlAoiSTURE2 


•c 

kg /nr 

w  0 
g/nr 

PHfO 

mm  Kg 

t,  °c 

P  T 
k®/m 

Wj  3 

PH.O 

mm  Hg 

-30 

1,449 

0,44 

0,4 

18 

1,213 

15,31 

15,4 

-27 

1,435 

0,57 

0,5 

21 

1,201 

18,25 

18.5 

-24 

1,418 

0,71 

0,6 

24 

1,189 

21,68 

MO  M 

—21 

1,401 

0,95 

0,8 

27 

1,177 

25,64 

26,5 

-18 

1,384 

1,25 

1.1 

30 

1,165 

30,21 

31,5 

—  15 

1,368 

1,58 

1.4 

33 

1,154 

35,48 

37,4 

—12 

1,353 

1,98 

1,8 

36 

1,142 

41,51 

44.2 

—9 

1,337 

2,49 

2,3 

39 

1  131 

48,  '.0 

52,0 

—8 

1,322 

3,13 

2,9 

42 

1,121 

61,1 

—3 

1,308 

3,92 

3,6 

45 

1,100 

Im.  14 

71.4 

0 

1,293 

4,89 

4,6 

46 

1,107 

68. .Mi 

75,2 

♦  3 

1,279 

5,98 

5.7 

47 

1,103 

71.73 

79,1 

b 

1,265 

7,28 

7,0 

4» 

1,100 

75,22 

83.2 

9 

1,252 

8,82 

8.6 

49 

1.096 

78,86 

87,5 

12 

1,239 

10,64 

10,5 

50 

1,093 

82,63 

92,0 

15 

1,226 

12,82 

12,7 

As  a  result ,  the  nitric  acid  is  contaminated  the  sodium  nitrate 
and  the  equipment  in  the  absorption  part  is  very  corroded  under  the 
influence  of  the  released  chlorine  and  nitrosyl  chloride. 

Chemically  purified  water  which  does  not  contain  over  250  mg/|r 
of  salts,  including  less  than  100  mg /l  of  iron  and  no  more  than  50  mg \ 
of  copper  is  used  to  feed  the  boiler-recovery  units. 

The  condensate  of  liquor- tanned  vapor  from  the  production  of 
ammonium  nitrate  contains  an  admixture  of  ammonia  and  saltpeter. 
Therefore,  before  using  it  in  the  production  of  nitric  acid,  it  is 
sometimes  cleaned  with  the  help  of  ionites. 

Alkalis 

Solutions  of  alkalis  are  used  in  the  units  to  produce  diluted 
nitric  acid  at  atmospheric  pressure  to  absorb  nitric  oxides  of  low 
concentration  with  subsequent  reprocessing  of  the  nitrite-nitrate 
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solutions  obtained  in  this  case  into  solid  salts  (pp.  184,  189) 


TABLE  1-3.  DENSITY  AND  CONCENTRATION  OF  AQUEOUS 
SOLUTIONS  OF  CAUSTIC  SODA4 


1 

n.lOTHOCTk 
npn  20° C 
>!cm‘ 

- T 

Coneimtamte 

NaOH 

1 

IlnoTHom 
nn*  20*  C 

S/CM* 

Coaepmaww 
NhOH  j 

1 

nnOTItOCTb 
uim  20°  C 

9/CM • 

Conepmaime*' 

NaOH 

- 5— 

aec.'i 

-  + 

5 

■M.% 

1,054 

5 

r.2,09 

1,197 

18 

215,5 

1,409 

44 

646.1 

1.109 

to 

110.9 

1,219 

20 

243,8 

1.437 

46 

684,2 

1,131 

12 

1  :tr.,7 

1  ,.128 

30 

398,4  1 

1.507 

48 

723,1 

U53 

14 

mi . 

1.430 

40 

572,0  I 

1.525 

50 

762,7 

1,175 

Hi 

188.0 

1.449 

42 

008,7  | 

Key:  2 

1.  Density  at  20°C  g/cm 

2.  NaOH  content 

3.  Weight  % 

g  IX 

TABLE  1-4 .  RELATIVE  DENSITY  d?2  AND  CONCENTRATION 
OF  MILK  OF  LIME3 


-is: 

Conepwaiwc  * 
CaO  ! 

Coa»pw»nae  *  ! 
CaO 

CoaciiHtaime  1 
CaO 

nec.  V.Z 

BW. 

,/a3! 

noc.  % 

1,009 

0,99 

10 

1,097 

11,86 

130 

1.148 

17,43 

200 

1,017 

l!96 

20 

1,104 

12,68 

140 

1,191 

21,84 

260 

1,025 

2,93 

30 

1,111 

13,50 

150 

1.198 

22,55 

270 

1.032 

3,88 

40 

1,119 

14.30 

160 

1,205 

23,24 

280 

1 ,039 

4,81 

50 

1,126 

15,10 

170 

1.213 

23.92 

290 

1.083 

10.18 

110 

1,133 

15.89 

180 

1,220 

24.00 

300 

1,090 

11.01 

120 

1,140 

10,67 

190 

Key: 

1.  CaO  content 

2.  Weight  Z. 

3.  g/t 


TABLE  1-5.  DENSITY  AND  CONCENTRATION  OF  AQUEOUS 
SOLUTIONS  OF  CALCINED  SODA4 


- j— 

Coaaputaaat 

NaiCOa 

5:*s 

S’ 

Coaepwamn 
Na,COi*  tuH.O 

1 

ConcpMCArao 

Ni(COi 

<4 

iu 

h 

s;*> 

at:- 

Coaepwamm 
Na,CO«.  t  UH,0 

z 

•w.  % 

3 

l/A 

X 

MO.  % 

■i 

f/A 

1 

•ec.  % 

1 

e  ;a 

* 

■ec.  % 

A 

«*/•* 

5 

52.51 

1.000 

13.5 

1418  1 

12 

134.9 

1124 

324 

3643 

8 

86.53 

1-082 

21.6 

233-6 

13 

147.(> 

1,135 

35.1 

398.6 

10 

110-30 

1.103 

27.0 

2978 

14 

160-5 

1  146 

378 

133.3 

M 

122  5 

1.114 

29.7 

3308 

: 1 .  Na«CO  o  Content 
2.  Weight  1 
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3-  g/l  3 

4.  Density  at  20°C  g/cm 

5.  Na^CO^  x  10  H2O  Content 


TABLE  1-6  .  SPECIFIC  HEAT  CAPACITY  c  OF  AQUEOUS 
SOLUTIONS  OF  CAUSTIC  SODA  AND  CAUSTIC  POTASH*  AT 
16-20“C 


NaOH  Solutions 


KOH  Solutions 


concen¬ 
tration 
mole  E 
mole 


HoO 

TOJt 


density  c 
l  /cnr  ial/(g  x  degl 


concen¬ 
tration 
bole  KoO 
mole  KuH 


density 
g/cmJ 


c 

|cal/(g  x  deg) 


7.5 

1  ,1:576 

0,847 

13 

1,1450  1 

0,878 

:tn 

1 ,0783  ■ 

0,919 

50 

1,0480  | 

U.942 

100 

1.0346  | 

n,968 

200 

1,0134  : 

0,983 

TABLE  1-7. 

1 


30 

50 

100 

300 


1,0887 
1 ,0550 
1,0384 
1,0144 


0,870 

0,910 

0,954 

0,975 


VISCOSITY  OF  AQUEOUS 
SOLUTIONS  OF  ALKALIS  (in  centipoise) 


Dissolved 

substance 

Concentra¬ 
tion 
weight. % 

|  Temperature  ,°C 

20 

30 

40 

NaOH 

5 

1-3 

10 

0.85 

15 

2,78 

21 

1.65 

25 

7,42 

5.25 

3.86 

NajCO* 

10 

1.7 

1.4 

1.1 

20 

4,0 

2-9 

225 

30 

8.35 

5.6 

KOH 

10 

123 

1.0 

0.83 

20 

1.83 

1.33 

1.11 

1 

30 

236 

1.93 

1,57 

TABLE  1-8.  HEAT  CONDUCTIVITY  OF  AQUEOUS  SOLUTIONS 
OF  ALKALIS  AND  CERTAIN  SALTS5  AT  20*C  [in  kcal/ 

(m  x  h  x  deg) _ 


Dissolved 

substance 

Concentration  of  dissolved  substance,  weieht.Z 

0 

to 

20 

30 

40 

30 

KOH 

0,515 

.  0,519 

0,515 

0,502 

0,485 

0,461 

KOH  • 

0,531 

0,533 

0,52 2 

0,512 

0,494 

0,472 

NaOH 

0,515 

0,539 

0,550 

0,555 

0,565 

— 

NaNO, 

0,515 

0,509 

0,502 

0,494 

0,482 

— 

NaNO* 

0,515 

0,508 

0,499 

0,489 

0,478 

— 

Na.CO, 

0,515 

0,522 

— 

— 

— 

KNO, 

0,515 

0,502 

0,487 

0,470 

0,453 

0,437 

KNO* 

0,515 

0,502 

0,487 

— 

— 

— 

K.COi 

0,515 

0,509 

0,501 

0,485 

0,464 

0,438 

Ca(NOi), 

0,515 

0,507 

0,497 

0,486 

0,473 

0,478 

*  At  30°C. 
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i-  TABLE  1-9.  DENSITY  AND  CONCENTRATION  OF  SULFURIC  ACID2 


\ 

I.  iorii<*rTi» 
npM  JO  'C 

i  "iJ 

2- 

Colt'P'nilllifl 

u»^o4 

l 

Jl-lOTtlOCTh 

II pit  20  °C 

Z  CM* 

- sr 

CftoepMM  rwe 

H  ,SO* 

\ 

n.Tf'TMOTTb 
upH  20  °C 
/cm* 

CojirpiKkiim 

11,60, 

-> 

nrr . 

0 

t 

3 /.l 

i 

nee. 

% 

*f* 

n  / 

4 

T 

»lA 

1.4983 

60 

898,8 

1,6574 

74 

1226,0 

1,8022 

88 

1586 

1.5200 

62 

924,4 

1,6810 

7G 

1278,0 

1,8144 

90 

1633 

1.5421 

64 

986,9 

1,7043 

78 

1329 

1,8245 

92 

1678 

1,5846 

66 

1033,0 

1,7272 

80 

1382 

1.8312 

94 

1721 

1.5874 

68 

1079,0 

1,7491 

82 

1434 

1,8355 

-96 

1762 

1.6105 

70 

1127.0 

1,7693 

84 

1486 

1,8365 

98 

1799 

1 .6338 

12 

1176,0 

1,7872 

86 

1537 

Key:  3 

1.  Density  at  20°C  ,  g/cm 

2.  H^SO^  content 

3.  WiigRt  Z 

4.  g/I 


TABLE  1-10.  HEAT  CAPACITY  AND  ENTHALPY  OF  SOLUTIONS 
OF  SULFURIC  ACID2 


Key : 

1.  K/,SO,  concentration,  weight.  7, 

2.  Temperature  ,  °C 


TABLE  1-12.  HEAT  CONDUCTIVITY  OF  AQUEOUS 
SOLUTIONS  OF  SULFURIC  ACID5  [in  kcal/(m  x  h  x  deg)] 


- tn 

um 

1I,S0. 

nor.  *; 

TemigfUTyp* .  °C 

0 

1  20 

40 

60 

80 

too 

25 

\  0.V22 

0.47.7 

0,484 

0.505 

0,524 

0,537 

1  n,:i75 

'  0.403 

0,424 

0,441  1 

0,455 

0,463 

75 

I  0,328 

t  0.344 

0,361 

0,377 

0.390 

0,397 

•m 

i  0.275 

1  0.280 

1 

0,286 

0,292 

0,298 

I 

'  0,303 

1 

Key : 

1.  H2SO-  concentration,  weight. % 

2.  Temperature , °C . 


TABLE  1-13.  SURFACE  TENSION  OF  SULFURIC  ACID  SOLUTIONS3 
(in  dyne /cm) 


Kohumh 

TpaQUH 

rf.so, 

MO.  % 

.  TeMuep»T>p» ,  *C 

Z 

KOHueH-* 

TpaUHH 

H.SO, 
tec.  % 

TewicpaTyp*.  °C  ^ 

1  ,0 

1 

20 

1 

20 

1  40 

'  SO 

!  to 

20 

00 

40 

|  5u 

20 

75.32 

74.13 

73.09 

72.13 

70.95 

70 

74.72 

74-42 

74.16 

73.87 

73.56 

40 

77.22 

7637 

75.52 

74-83 

7333 

75 

7334 

73.09 

72.81 1 

72.56 

7231 

50 

77.27 

78,50 

7633 

75.44 

74.73 

90 

8337 

62.67 

63.39 1 

63.12 

6236 

60 

76.39 

7605 

75,71 

7538 

74.93 

95 

5839 

58.08 

57.78 

57.49 

57.22 

65 

75,72 

75.38 

75.08 

74.77 

74,38 

1 

Key : 

1.  HoSQ.  concentration 

2.  Temperature,  °C. 

Sulfuric  Acid 

According  to  one  of  the  methods  for  producing  concentrated  nitric 
acid,  92.5-94Z  sulfuric  acid  (commercial  sulfuric  acid)  is  used  as  the 
water-removing  substance.  In  this  case,  treated  sulfuric  acid  is 
obtained  which  contains  a  small  quantity  of  dissolved  nitric  oxides. 

(?.  103). 


Below  are  the  freezing  temperatures  t7  of  sulfuric  acid  solu- 

3  J 

tions  of  varying  density  p,  measured  at  15°C: 
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I>.  %  'CM3 

c 


i  671  1.732  1  778  U07  1-822  1-84(1 

— 2o  —8-5  —8.5  — 9-U  —2(1. (I  — 20-0 


TABLE  1-14.  NO  SOLUBILITY  IN  SULFURIC  ACID3  AT 
ROOM  TEMPERATURE 


1 

KOHIMHTpJUHH 

H.sO. 
nee.  % 

2. 

Pacrtopw- 
MOCTb  10* 
Bee.  % 

1 

KouqearpaqaH 

HiSO, 

ucc. 

a- 

P»CTBOp»- 
MOCTb  10* 
BSC.  V, 

|  _  1 

KouaeHTpan>H 

H'SOt 

BBC.  % 

Puctmp*. 

MOCTfr  10* 

BCC.  V» 

8.8 

8,72 

66,5 

2,54 

90,4 

3,22 

18,2 

6,97 

70,8 

2,54 

91,9 

3,22 

28,0 

6.03 

76.7 

2,42 

92,4 

3,34 

38,0 

5,10 

78,0 

2,54 

95,0 

5,10 

•'.8,0 

3,89 

88,3 

2,68 

95,9 

5,02 

3.22 

89,1 

2,81 

— 

Key: 

1.  H7S0,  concentration,  weight. % 

2.  SoluBility  103,  weight. % 


TABLE  I- 15.. NITRATE  COOLING  AGENTS  (BRINES) 3 


Brines 

Composition , 

Z 

Freezing 
temperature  ,°i 

EESKfli 

IfgSSBI 

Of  calcium  nitrate 

44.0 

- 

-28.0 

Of  magnesium  nitrate 

- 

32.3 

- 

-31.8 

The  same  .with  NaNO^  added 

— 

30.8 

5.2 

-36.2 

Cooling  Agents 

Brines  ,  solutions  of  calcium  or  magnesium  nitrates  ,as  well  as 
mixtures  of  solutions  of  magnesium  and  sodium  nitrates  -are  used  as 
the  cooling  agents  in  the  production  of  concentrated  nitric  acid  by 
the  method  of  direct  synthesis. 

Under  normal  conditions,  a  fairly  low  temperature  (minus  20  - 
minus  22°C)  is  obtained  with  the  use  of  42-44%  brine  of  calcium  ni¬ 
trate  (the  properties  of  the  calcium  nitrate  solutions  are  presented  on 
on  (p.  163) •  If  it  is  necessary  to  reach  lower  temperatures,  brine  of 
magnesium  nitrate  can  be  used  with  an  addition  of  5.2%  sodium  nitrate. 

Porolite  Pipes3 

Porolite  pipes  are  made  of  highly  porous  material  based  on 
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kieselguhr,  quartz,  fireclay,  etc.  They  are  used  to  clean  the  air 
or  the  ammonia-air  mixture  of  mechanical  admixtures. 

Depending  on  the  purpose ,  pipes  of  brands  f ,  m  and  g  are  manu¬ 
factured,  as  well  as  pipes  of  the  Nllstroykeramika  [State  Scientific 
Research  Institute  of  Building  Ceramics].  Pipes  of  brand  f,  m  and 
of  the  Nllstroykeramika  are  used  on  units  which  produce  nitric  acid 
at  atmospheric  and  increased  pressures \  those  of  brand  g  are  only  used 
on  units  that  operate  at  atmospheric  pressure. 

The  porolite  pipes  must  meet  the  requirements  of  TU  GIAP  232-50. 

The  chief  of  these  requirements:  gluing  of  the  individual  pipe  pieces 

is  not  permitted;  the  surface  of  the  pipes  must  be  even,  without  cracks 

and  twists  over  the  length;  individual  grains  of  porolite  must  not  be 

painted  during  testing  by  the  accepted  technique;  the  tensile  strength 

o 

during  compression  for  pipes  of  brand  f  must  be  180  kg-f/cm  ,  for 

2 

pipes  of  brand  q--about  150  kg-f/cm  . 

Pipes  of  the  following  dimensions  are  supplied  (in  mm) : 

Diameter  50/30  58/38  58/33 

Length  762  350  210 

Bead  60/12  70/10  70/10 

Deviations  are  permitted  in  the  dimensions  of  the  pipes  for 
length  and  diameter  ±1  mm,  dimensions  of  the  beads  ±0.2  mm.  The  pipes 
must  have  porosity  (free  volume  in  %  of  total  volume)  in  limits  of 
40-52%.  The  pore  size  must  be  110-120  y  for  brand  m  pipes,  and  SC- 
100  y  for  brand  f. 

The  gas  permeability  of  the  pipes  in  conversion  for  air  with 

resistance  of  30  mm  wat.  col.  and  20°C  for  brand  m  must  be  280-320 
3  2 

m  /h  per  1  m  of  outer  surface,  and  for  brand  f  ,  in  limits  of  250- 
270  m^/(m^  x  h) . 

The  porolite  pipes  are  packed  in  groups  of  60  in  wooden  boxes. 
Each  pipe  must  be  wrapped  in  paper. 


Physical -Chemical  Properties  of  Nitric  Oxides 
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The  following  nitric  oxides  are  known:  nitrous  ^0 ,  nitric  NO, 
nitrous  anhydride  N2O2,  dioxide  NO2,  its  dimer  (tetroxide)  N2O4  and 
nitric  anhydride  N2O5. 

Nitric  anhydride  is  a  solid  substance  ,  the  other  nitric  oxides 
are  gases  under  normal  conditions . 

The  heat  of  formation  of  nitric  oxides  made  of  simple  substances 
(in  cal /mole): 


N,+  >/*o.=  N5ogas  .  .  . 
V*n*+1/*Os=no  gas  .  . 

n*0j  gas  .  . 


10  490  ViN*-rO*=NOi  gas  .  .  .  .  8091 

21800  N1-20*=-.N*04?aS  .  .  2  309 

20000  N*+2VjOt=NtO,Solid  .  .  —10000 


Below  we  will  examine  in  detail  the  properties  of  nitric  oxides. 
Additional  data  on  their  properties  can  be  found  in  volume  I  of  the 
Reference  Book  (pp.  28,  47,  53). 


Nitrous  oxide  ^0  is  a  colorless  gas  with  weak  pleasant  smell 
and  sweetish  taste.  It  has  the  following  main  properties: 


Molecular  weight 

44.013 

Critical  temperature , °C 

36.5 

Density  at  20°C,g/cm'5 
Molar  volume  at  0°C  and 

1.978 

Critical  pressure ,atm. 

Heat,  cal /mole 

71.7 

760  mm  Hg ,  1 

22.250 

of  evaporation 

5.99 

Temperature  at  760  mm  Hg 
°C 

» 

of  melting 

Heat  capacity6  >'  at  1 

1.555 

of  boiling 

-88.5 

atm,  cal/(g  x  deg) 

of  melting6 
the  same8 

-90.8 

at  20°C 

0.201 

-100 

at  26-103°C 

0.892 

Density  of  N2O  at 

25°C  on  the  gas-liquid  equilibrium  line^ 

1  is 

0.18  g/cm^  for  gas  and  0 

.75  g/cmJ 

for  liquid. 

Nitrous  oxide  does  not  interact  with  water ,  solutions  of  acids  , 
alkalis  or  oxygen,  however,  hyponitrous  acid  H2N2O4  which  easily 
breaks  down  into  water  and  nitrous  oxide  formally  corresponds  to  it. 
At  520°C,  nitrous  oxide  noticeably  dissociates.  At  900°C,  or  under 
the  influence  of  an  electrical  current ,  it  competely  breaks  down 
according  to  the  reaction:  2N*Os=2N*+o*+39  kcal. 


At  a  high  temperature,  N90  displays  strong  oxidizing  properties. 
Such  strong  oxidizers  as  KMnO^  ,  C^O  and  others  almost  do  not  oxidize 
nitrous  oxide. 10  Mixtures  of  N20  with  hydrogen,  ammonia  or  carbon 
monoxide  explode  with  certain  ratios  of  the  components.  In  this  case, 
the  following  reactions  occur: 

N*0  +  H*— Nt  i-  11*0  (ra:i)  *  77,5  Veal 
:’.N»0  +  UNH»=4Nt-j-  311*0  (ran)  i-210kcal 

Nitrous  oxide  is  obtained  during  the  interaction  of  nitric  or 
nitrous  acid  with  different  reducing  agents  (hydrogen  sulfide,  sulfuric 
acid,  etc.).  A  small  quantity  of  N2O  is  formed  during  conversion  of 
ammonia  into  nitric  oxide.  F^O  is  produced  in  industry  by  thermal 
breakdown  of  ammonium  nitrate: 

’"nIUNOj  — ►  51,0  +  211*0 

This  process  is  accompanied  by  release  of  heat  and  occurs  with 
increasing  velocity  ,  therefore  special  caution  is  required  during  its 
execution. 

When  a  mixture  of  air  and  N20  is  inhaled ,  a  condition  occurs 
which  is  close  to  intoxication  (the  name  for  N90  "laughing  gas"  comes 
from  here) . 

The  solubility  of  N20  in  water^: 

Temperature  ,°C«  0  5  10  15  20  25 

Solubility,  cm3/cmJ  of  water  1.2469  1.048  0.8878  0.7377  0.6294  0.5443 

8 

The  solubility  of  N2O  in  sulfuric  acid  at  room  temperature: 

H7S0,  concentration,  weight. %  36.9  77.2  17.7 

Solutibility ,  cm3/100  cur1  H2S04  66.0  39.1  33.0 

Pressure  of  vapors^  above  liquid  N20: 

Temperature  ,°C  -80.5  -39.5  -24.0  0  +18  35.4 

Pressure  of  vapors,  atm.  1.6  9.7  16.5  30.3  49.5  75.0 
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Pressure  of  vapors1^  above  solid  N90: 

Temperature  ,  °C  .—170  — 165  —100  —1575  — 154-5  — 152-5  — 1500  —131.3 

Pressure  of  vapors ,  mm  Hg  0.0013  o-ousy*.  0.030  0.059  0.114  0.182  0306  oaa 


TABLE  1-16.  HEAT  CAPACITY,  ENTHALPY  AND  ENTROPY  OF 
NITROUS  OXIDE1  AT  1  atm 


t ,  °c 

s  ! 

i 

1  c 

P 

c. 

C * 

P 

c' 

* 

i  | 

i'  | 

s 

S' 

xxa-t  1  | 

KKOA  ^  I 

*  3  1 

KKOA  9  1 

KKOA 

KKOA  £ \ 

xwa*  ^ 

KKOA  ^ 

KM  Mb 

ptuJ 

m*  •jpad 

m 

M* 

m  •  ad 

M*  -3 pud 

0 

8  945 

i  t> U59 

• 

i  0.2032 

0.1581 

03991 

0-3105 

0 

0 

0 

0 

100 

,  9.988 

8.1  "IO 

1  O.2209 

0.1817 

0.4455 

0.3569 

21.55 

42  32 

0.0681 

0.1338 

uoo 

!  10.811  < 

8.825 

0.2456 

1 0.2005 

0,4823 

0.3937 

45.22 

88.82 

01243 

0.2441 

300 

11.493  I 

9.5o7 

1  0,2611  i  0.2160 

0.5127 

0,4241 

1  70.61 

!  138.7 

0.1730 

03397 

400 

12.002 

10.076 

|  0-2740 1  0.2289 

0.5381 

0.4495 

97.37 

,  1912 

0.2161 

0.4243 

500 

12.542  ; 

10.556 

j  0.2849  1  0.2398 

0.5595 

1 0.4709 

1253 

!  246.1 

02548 

0.5003 

000 

12.946 

1 0.960 

0.2941 10.2490 

0.5776 

0.4890 

1543 

303.0 

0.2918 

0.5731 

700 

1  13.282  | 

11.296 

I  0-3017 

0.2566 

0.5926 

0.5040 

184.1 

36f.6 

03224 

0.6331 

soo 

13.573  1 

11.587 

1 0.3084  i  0-2632 

0.6055 

0.5169 

214.7 

421.6 

0.3523 

0.6918 

900 

13.824  ; 

11.838 

!  0  3141  10.2689 

0.6167 

0.5281 

2453 

482.7 

0.3801 

0.7464 

1000  I 

14.038  j 

12.052 

03189 

0.2738 

0.6263 

0.5377 

277.5 

5449 

0-4i  60 

0.7973 

1  100 

14,226 

12-240 

0.3232 

0.2789 

0.6347 

0.5461 

309-6 

607.9 

0.4303 

0.8449 

Key : 


1. 

kcal 

kmolt 

i  x  deg 

2. 

kcal 
kg  x 

"3eg 

3. 

kcal. 

mJ  x 

deg 

4. 

5. 

kcal 

kg 

kcal 

6. 

m^ 

kcal 

7. 

kg  x 
kcal 

"deg 

m^  x 

deg. 

Nitric  oxide  NO  is  a  colorless  gas  which  at  atmospheric  pres¬ 
sure  and  at  -151. 8°C  (for  other  data  at  -151. 4°C)  is  converted  into 
a  colorless  liquid.  Nitric  oxide  is  polymerized  in  the  liquid  state. 

Below  are  the  main  properties  of  nitric  oxide: 


Molecular  weight  -  30.006 

Density  at  20°C,g/cmJ  1.340 
Molar  volume  at  0°C 
and  760  mm  Hg,l  22.388 


Temperature  at  760  mm  Hg ,  °C 
of  boiling  -151.8 

of  melting  -163.7 

Heat  capacity  at  1  atm  and 
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Critical  pressure,  atm 
Critical  temperature  ,°C 


m. 

-92.9 


15°C,  cal / (g  x  deg)  0.242 


Nitric  oxide  is  prone  to  reactions  of  oxidation ,  reduction  and 
addition.  It  belongs  to  the  very  reaction-capable  substances.  The 
oxidizing  properties  of  NO  appear ,  for  example ,  during  interaction 
with  hydrogen 

UNO  f-H,-=N,+  2H,0 


or  with  hydrogen  sulfide 

2NO -t-2HjS“N*+2S-L2H*0  etc> 

A  mixture  of  equal  volumes  of  hydrogen  and  nitric  oxide  explodes 
when  heated.  At  temperatures  above  330°C  ,  nitric  oxide  partially 
reduces  nitrates  to  nitrites  with  the  release  of  nitrogen  peroxide. 
Interacting  with  hydrogen  sulfide  and  sulfides  ,  NO  is  partially  con¬ 
verted  into  nitrous  oxide  under  certain  conditions. 

Hydrogen  peroxide ,  potassium  permanganate ,  lead  or  manganese 
peroxide,  hypochlorous  acid  rapidly  oxidize  NO  into  NO2.  Concentrated 
nitric  acid  even  with  relatively  low  temperatures  (for  example,  0-3°C) 
oxidizes  NO,  being  restored  to  nitric  acid.  Easily  oxidized  substances 
(coal,  magnesium,  etc.)  intensively  bum  in  a  medium  of  nitric  oxide. 

If  nitric  oxide  at  normal  temperature  is  mixed  with  oxygen,  red-brown 
vapors  of  higher  nitric  oxides  are  instantly  formed.  The  nitric  oxide 
oxidation  reaction 


2N0  +  0*  rzt  2NO,-f-29  500  cal. 


in  contrast  to  the  majority  of  other  reactions  is  drastically  slowed 
down  with  a  rise  in  temperature. 

Aqueous  solutions  of  certain  salts  join  NO  ,  forming  complex 
compounds  (for  example,  FeSO^  x  NO,  CUCI2  x  NO).  When  such  solutions 
are  heated,  nitric  oxide  is  completely  volatized  from  them.  Chlorine 
interacts  with  NO,  forming  chlorous  nitrosyl  NOC1 .  NO  is  not  very 
soluble  in  water. 
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*  11  12 
The  coefficients  of  absorption  a  of  nitric  oxide  by  water 


Temperature ,°C  0  10  15  60  80 

a  x  1QJ  73.81  57.09  51.47  29.5  27.0 


90  100 

26.48  26.28 


Nitric  oxide  is  practically  completely  insoluble  in  a  saturated 
NaCl  solution  and  is  not  very  soluble  in  sulfuric  acid.  With  a 
change  in  the  concentration  of  sulfuric  acid ,  the  solubility  of  nitric 
oxide  changes  comparatively  little. 


NO  does  not  interact  with  diluted  solutions  of  alkalis.  It 
begins  to  react  with  concentrated  solutions  after  lengthy  contact: 

4NO  -i  2NaO  H  =  2NaN  Ot  +  N,0  +  H*0 

Nitric  oxide  which  is  stable  under  normal  conditions  at  temp¬ 
eratures  above  1200°C  breaks  down  into  nitrogen  and  oxygen: 

2NO  — ►  N,+Of 

The  opposite  reaction,  the  formation  of  NO  from  nitrogen  and 
oxygen  can  only  occur  with  very  high  temperatures ,  since  it  requires 
outlays  of  a  great  quantity  of  heat. 

Nitric  oxide  is  produced  in  industry  by  catalytic  oxidation  of 
ammonia.  Under  laboratory  conditions  it  is  produced  by  the 
reaction: 


NaNO,  4-  2  HOI  +  FeCl»=  NO  +  FeCl,  4-  NaCl  +  H,0 


TABLE  1-17.  VAPOR  PRESSURE10  ABOVE  LIQUID  NO 


Temperature 

°C 

Pressure 

atm. 

Tenpera- 

ture,°C 

Pressure 

atm. 

Tempera¬ 
ture  ,°C 

Pressure 

atm. 

-188.2 
-125.9 
— 124.0 
-122,9 
-122,2 

8,95  ' 
9,80 
10,7 

11,9 

12,4 

-120,8 

-120,3 

-112,8 

-109.2 

-102.9 

13.3 

14.1 

21,0 

27,7  i 
41,0 

' 

-100.7 
-97,3 
— 96,3 
— 95,1 

45.7 

53,1 

55.8 

58.0 

•ff 

The  volume  of  gas  (relative  to  normal  conditions)  absorbed  by  a  unit 
of  volume  of  solvent. 
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The  vapor  pressure  above  the  liquid  nitric  oxide  is  computed 
from  the  equation^: 


1 p  -  -  9.502  1  28  —  —  O.(jO230i  T 

where  p- -pressure  of  vapor  in  mm  Hg; 

T — absolute  temperature. 


TABLE  1-18.  RATIO  BETWEEN  NO  AND  NO,  WITH 
DIFFERENT  TEMPERATURES3  Z 


Temperature 

°C 

i 

Degree  of 
dissociation 

% 

1 

Constant  of 
rate  of  oxi¬ 
dation  ,  ! 

k  x  10-4 

Time  for  oxidation 
of  10%  NO ,  s 

• 

i  - 

u 

!  0.0 

4,7 

0,44 

2,8 

0,98 

90 

0,0 

1,8 

2,05 

150 

1,5 

1,17 

4,35 

300 

0,6 

16,00 

400 

65,0  1 

i 

0,45 

30,20 

The  time  (in  s)  that  is  necessary  for  oxidation  of  NO  into  NO2 
with  absolute  pressure  of  1-6  atm  (the  original  gas  contains  9 7.  NO  and 
7%  02)13’14:  _ _ 


Pressure  )  Degree  of  oxidation  of  NQ,% 


atm.  |  70 _ 80 _ 90 _ 98. 


1 

35 

67 

178 

1200 

2 

9.5 

18.2 

48 

326 

3 

4.7 

9 

24 

161 

4 

2,9 

5,6 

15 

10O 

5 

2.5 

4 

11 

72 

6 

1.7 

3J 

9 

59 

Nitrogen  Peroxide  NOq  and  Nitrogen  Tetroxide  N^O^ 

Nitrogen  peroxide  (tetroxide)  is  a  reddish-brown  gas  with  noxious 
smell.  It  is  easily  compressed  at  atmospheric  pressure  at  21.15°C 
into  a  reddish-brown  liquid.  At  -10.2°C  the  liquid  hardens,  forming 
colorless  crystals. 


Below  are  the  main  properties 

Molecular  weight 

NO,  46.01 

N ,6,  92.02 

NO,  density  at  20°C , 
g/cm3 


of  N02  and  N20^:  ^ 

Temperature  at  760  mm  Hg ,  °C 
of  boiling  20.7 

of  melting  -9.3 

Heat,  cal/g 
of  evaporation 


1.491 


100 


Molar  volume  of  N-,0,  at  760 
mm  Hg,  J  22.370 

Critical  pressure,  atm.  99 

Critical  temperature , "C  158.2 


of  melting 

Molar  heat  capacity  at 
1  atm. ,  cal/(mole  x  deg) 
NO  2 

N2°4 


8.43 

14.85 


TABLE  1-19.  HEAT  CAPACITY,  ENTHALPY  AND  ENTROPY  OF 
NITRIC  OXIDE1  AT  1  ATM. 


% 

Cp  c. 

< 

4' 

a 

(J) 

H 

(s) 

(D 

KKOA 

KKOA 

KKOA 

KKOA 

tOM A 

iU‘<tpad 

m*  -ipad 

Kl 

M* 

u>ipad 

0 

7,160 

5,174 

0,2388 

0,1724 

0,3194 

0,2308 

0 

0 

0 

100 

7,148 

5,160 

0,2381 

0,1719 

0,3188 

0,2303 

23,80 

31,87 

0,0742 

200 

7,245 

5,259 

0,2414 

0,1752 

0,3232 

0,2346 

47,76 

63,94 

0,1311 

300 

7,418 

5,432 

0,2472 

0,1810 

0,3309 

0,2423 

72,18 

96,63 

0,1780 

400 

7,603 

5,617 

0,2534 

0,1872 

0,3392 

0,2500 

97,20 

130,1 

0,2182 

500 

7,784 

5,798 

0,2594 

0,1932 

0,3473 

0,2587 

122,8 

164,4 

0,2537 

600 

7,946 

5,960 

0,2648 

0,1986 

0,3545 

0,2659 

149,0 

199,6 

0,2856 

700 

8.087 

6,101 

0,2695 

0,2033 

0,3608 

0,2722 

175,8 

235,3 

0,3146 

800 

8,209 

6,223 

0,2736 

0,2074 

0,3662 

0,2776 

203,0 

271,7 

0,3413 

900 

8,311 

6,325 

0,2770 

0,2108 

0,3708 

0,2822 

230,5 

308,5 

0,3658 

1000 

8,399 

6,413 

0,2799 

0,2137 

0,3747 

0,2861 

258,3 

345,8 

0,3885 

1200 

8,537 

6,551 

0,2845 

0,2183 

0,3809 

0,2923 

314,8 

421,8 

0,4298 

1400 

8,644 

6,658 

0,2881 

0,2219 

0,3856 

0,2970 

372,1 

498,1 

0,4663 

1600 

8,724 

6,738 

0,2907 

0,2245 

0,3892 

0,3006 

430,1 

575,1 

0,4990 

1800 

0.788 

6,8U2 

0,2928 

0,2267 

0,3921 

0,3035 

488,3 

653,8 

0,5285 

2000 

8,843 

6,857 

0,2947 

0,2285 

0,3945 

0,3059 

547,2 

732,4 

0,5555 

2200 

8.884 

6,898 

0,2960 

0,2299 

0,3963 

0,3077 

606,3 

811,6 

0,5805 

2400 

3,921 

6,935 

0,2973 

0,2311 

0,3980 

0,3094 

665,5 

890,9 

0,6038 

kcal 

kmole  x  deg. 
kcal 

kg  x  deg 
kcal 

m3  x  deg . 
kcal 

~w 

kcal 


kcal 

kg  x  deg 
kcal 


Nitrogen  peroxide  has  the  capacity  to  be  polymerized: 


2NO,  .V»0«+  14  700  KM  (at  25  5C) 


Figure  1-1.  Dependence  of  Degree  of  Dissociation  of 
Nitric  Oxides  on  Pressure  and  Temperature 

Key: 

a.  Nitrogen  tetroxide 

b.  Nitrogen  peroxide1 3 

c .  Temperature ,  °C 

d.  Degree  of  dissociation  of  N^O.  ,% 

e.  Degree  of  dissociation  of  N02,% 

f.  atmospheres 


In  the  temperature  interval  from  -10  to  135°C,  a  definite 
equilibrium  is  established  between  the  N02  and  the  N20 ^  molecules. 

The  lower  the  temperature  and  the  higher  the  NO^  concentration  in  the 
gas,  the  greater  the  quantity  of  it  is  polymerized.  The  breakdown 
of  N20^  molecules  increases  with  a  decrease  in  concentration ,  and 
especially  with  an  increase  in  temperature. 


The  degree  of  N20^  and  N02  dissociation  is  presented  in  figures 
1-1  and  1-2. 


N,Q,  NO, 

( fuccouuauuu,  ‘/t 


Figure  1-2.  Dependence  of  the  Composition 
of  Nitric  Oxides  on  Temperature. 11 

Key: 

1 .  Temperature , °C 

2.  Degree  of  dissociation,! 
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The  effect  of  temperature  on  the  breakdown  of  ^0^  and  NO2 
into  nitric  oxide  and  oxygen  is  apparent  from  the  following  data: 


Temperature  0 r— . 
Breakdown,  % 


2(i.7 

20 


49.0 

40 


70 

05.8 


808  II IJ  125 
70.0  92.7  987 


SO 


5.0 


494  020 


56.5  100 


Nitrogen  peroxide  and  nitrogen  tetroxide  interact  with  water , 
forming  nitric  and  nitrous  acids  ,  and  nitrates  and  nitrites  with 
caustic  alkalis  and  calcined  soda.  Nitrogen  peroxide  is  easily 
absorbed  by  concentrated  sulfuric  acid,  forming  nitrosylsulfuric 
acid: 

.  OH  yOH 

2.NO»4-  OaS4  jrt  0*Sy  -l-HNO;, 

N)H  'ONO  > 

The  rate  of  the  inverse  reaction  is  somewhat  diminished  with  an 
increase  in  temperature. 

Nitrogen  peroxide  is  a  very  strong  oxidizer.  Potassium,  carbon, 
sulfur  and  other  substances  easily  bum  in  its  atmosphere.  NO2  forms 
explosive  mixtures  with  the  vapors  of  many  organic  compounds.  A 
strong  explosion  occurs  when  carbon  disulfide  mixes  with  nitrogen 
peroxide. 

Like  nitric  acid,  NO2  can  form  complex  compounds,  for  example: 
FeC^  x  NO2 ,  4FeCl2  x  NC>2 ,  BiC^  x  N0£  ,  etc. 

reacts  violently  with  liquid,  and  in  certain  ratios  with 
gaseous  ammonia,  forming  water,  nitric  acid,  elementary  nitrogen  and 
small  quantities  of  ^0. 

NO2  reacts  with  hydrogen  in  the  presence  of  catalysts  (platinum, 
palladium  etc.)  with  the  formation  of  water  and  ammonia. 

At  definite  temperatures  ,  ammonium  nitrate  partially  or 
completely  is  destroyed  by  liquid  ^0^. 


1U 


TABLE  1-20.  N02  DENSITY  ON  SATURATION  LINE* 


Tenne- 

l*Typa 

°C 

HaflJlC- 
11  anu 

(3) 

UilUtUOCTb.  S/CM* 

— n> 

Tonne- 

(-» 

au».ic- 
uuo,  amM 

1  3) 

IlJlOTKOCTk,  1/CM* 

musKd* 

CTU 

nupu 

pdrypu 

“C 

HUIflKO- 

CT* 

V 

naps 

•> 

1,04 

1,440 

0,0034' 

128,7 

44,8 

1,087 

0,1148 

43,3 

2,71 

1,390 

0,00782 

137,8 

60,7 

1,805 

0,183 

60,0 

5,21 

1,344 

0,0142 

148,9 

81,4 

0,887 

0,248 

71,4 

7,82 

1,316 

0,0207 

158,2** 

103,0 

— 

0,552 

104,4 

23,39 

1,201 

0,0584 

— 

_ 

— 

*  Reamer,  K.  and  Sage,  B.  Ind.  Eng.  Chem.  ,  44,  No.  1 
1963,  135. 

**  Critical  temperature 
Key: 

1.  Temperature  °C 

2.  Pressure,  atm. 

3.  Density,  g/cnr 

4.  of  liquid 

5.  of  steam 


The  density  of  gaseous  NO^: 

Temperature , °C  30  50  70  90  100 

Density,  g/cm3  0.00490  0.00390  0.01200  0.0190  0.0266 

The  density3’'*'®  of  liquid  N20^: 

Temperature ,°C  -20  _l0  _5  0  10  t5  3875  7M5  100 

Density  g/cm3  1, 533  1.31241, 5035  1.4035  1.4680 1.4740  !  4470  1,398  1.284  1204 

The  viscosity  u  of  gaseous'*'3  N02: 

Temperature ,  °C  _75  _25  o  20  25  so  75  100 

,  [J  .  „  .  990  1115  1240  1300  1455  1480  1590  1710  1820 

u  x  10  ,  poise  _ 

3 

The  freezing  temperatures  of  mixtures  of  N20^  and  N20 

No0o  content  in  mixture, % 

£  3  38  5.7  9.1  128 

Temperature  ,  °C  -13.7—17  —19  —23.2 


:A3LE  1-21.  VISCOSITY  (IN  CENTIPOISE)  OF  LIQUID  NO 


^  uremic,  am* 


TABLE  I- 22a.  VAPOR  PRESSURE10  ABOVE  LIQUID 
MIXTURE  OF  N204  and  N203  (IN  mm  Hg) 


Conepwamw  K,Ot  ■  cateca.  nee. 

TcNTOnaryp*  _ 

•G  i  I  I  1 


I 

t 

i  0 

20 

40 

GO 

80 

100 

-16 

108 

168 

260 

409 

685 

1250 

-8 

172 

262 

398 

623 

1018 

1785 

0 

258 

400 

600 

925  '  J 

1475 

2480 

-i-8 

396 

590 

882 

1331 

— 

— 

16 

598 

860 

1270 

1857  | 

— 

— 

20  I 

|  684 

1040 

1520  | 

2130 

3260 

5000 

Key:  (1)  Temperature,  °C;  (2)  N-0,  content  in 

mixture,  weight  %.  * 
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The  vapor  pressure  above  the  liquid  nitric  oxides  that  contain 
2-4  weight.  %  of  water  and  up  to  0.2%  N-jOy. 


Temperature ,  °C  -20  -10  0  10  20 

Vapor  pressure,  mm  Hg  70  192  244  396  598 


The  breakdown  of  ammonium  nitrate1®  in  liquid  N204: 


Temperature, °C  25  25  25  000 

Content  of  ammonium  nitrate 

in  liquid  N204  6.0  12.5  16.0  0.5  9.8  16 

Reaction  time,  h  2  2  2  16  16  16 

Degree  of  NH^NO-j  breakdown,  %  46.5  44.0  47.0  36.0  37.0  39.0 

3 

The  specific  heat  capacity  cp  of  gaseous  N204  at  1  atm: 

Temperature, °C  33.7  42.5  58.0  67.0  80.9  97  5 

cp  *  kcal/ (kg  x  deg)  0.124  0.130  0.162  0.171  0.175  0.i90 
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Heat  conductivity  X  of  gaseous  NO2  (at  580  mm  Hg)^: 

Temperature , °C  18  33  55  65  84  120  134 

\  x  10"^,  kcal/(m  x  h  x  deg)  24.2  32.7  32.0  37.2  26.4  7.53  6.52 

Nitrous  Anhydride 

Nitrous  anhydride  (nitrogen  trioxide)  N2O3  a  reddish-brown 
or  chestnut  gas  which  is  condensed  during  cooling  into  a  dark  blue 
liquid  that  burns  with  breakdown  at  3.5°C.  In  the  solid  state  it  is 
crystals  of  a  blue  or  dark  blue  color. 

Below  are  the  main  properties  of  nitrous  anhydride: 


3.5 

-102 


Nitrous  anhydride  is  an  unstable  compound.  At  -2°C  it  is 
almost  completely  dissociated  into  NO  and  NO2.  Its  dissociation  is 
apparently  associated  with  the  catalytic  effect  of  water  traces. 
^0^  is  only  located  in  a  comparatively  stable  state  at  -27°C. 

N20-j  has  limited  mixing  with  water.  With  alkalis  it  forms 
nitrites  with  admixtures  of  nitrates.  With  sulfuric  acid  it  forms 
nitrosylsulfuric  acid.  Nitrous  anhydride  is  found,  in  addition  to 
,  in  a  mixture  containing  oxide  and  nitrogen  peroxide. 

3 

The  vapor  pressure  above  liquid 


Molecular  weight 

76.01 

Temperature ,  °C 

Density  (liquid) , 

of  boiling 

g/cnH 

1.449 

of  melting 

Heat  of  evaporation , 

kcal/mole 

9.3 

Temperature ,°C  -70  -60  -50 
Pressure ,  mm  Hg  171  176  182 

3 

The  density  of  liquid  ^0^: 
Temperature , °C  -8  -4 


-20  -10  0  3.5 

264  310  455  760 


Density,  g/cm' 


1.464  1.455 


-1 

1.451 


1.449  1.448  1.447 
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N,Os 

**c.  % 

20 

30 

40 

SO 

18.8 

1010 

1430 

2130 

23.2 

1120 

1560 

2320 

3330 

26.8 

1200 

1650 

2420 

3440 

294 

1270 

1760 

2570 

3630 

3221 

1340 

1870 

2710 

3800 

1380  1910  2760  3860  5200 

1420  1960  2820  3930  5280 

1620  2210  3170  4420  5930 

I860  2570  3680  5120  6880 


N2(>3  content,  weight  ,7. 
Temperature  of  gas,°C 


Nitric  Anhydride 

Nitric  anhydride  (nitrogen  pentoxide)  N2C>5  at  normal  tempera 
ture  is  a  very  unstable  solid  substance  which  diffuses  in  the  air. 
It  is  in  the  form  of  colorless  needle-shaped  crystals  or  rhombic 
plates . 


Below  are  the  main  properties  of  nitric  anhydride: 


Molecular  weight 

108.01 

Heat ,  kcal /mole 

Density  (solid)  at 
g/ctn^ 

20°C ,  1.642 

of  formation  from  simple 
substances 

-10 

Temperature  ,°C 

of  evaporation 

13.6 

of  melting 

30 

of  dissolving  in  water 

16.8 

of  sublimation 

32.4 

When  solid  is  melted ,  liquid  of  intensive  yellow  color 

is  formed.  Under  the  influence  of  light  and  gradual  heating, 
liquid  ^0-  actively  breaks  down  according  to  the  reaction: 

2N,0»=2N»04+ 0,+  24,7  kc?l 

In  the  case  of  rapid  heating,  the  breakdown  occurs  with  an 
explosion  of  great  force  (there  are  also  known  cases  of  explosions 
of  ^0^  when  it  is  stored  under  normal  conditions) .  The  breakdown 
of  during  heating  occurs  according  to  an  equation  of  the  first 

order.  At  0°C ,  roughly  half  of  the  ^rom  ^-ts  original  quantity 

is  broken  down  in  10  days,  and  at  20°C ,  in  10  h.  Nitric  anhydride 
reacts  violently  with  water  forming  nitric  acid.  It  is  restored 
by  nitric  acid  according  to  the  reaction: 

N,0*+N0«=3N0, 

Nitric  anhydride  is  the  strongest  oxidizer.  Carbon,  phos¬ 
phorus  ,  sulfur  and  other  easily  oxidized  substances  rapidly  bum 
under  the  influence  of  Many  organic  substances  nitrate  N2O5. 

The  degree  of  nitration  is  the  same  as  under  the  influence  of  a 
mixture  of  concentrated  nitric  and  sulfuric  acids. 

Under  normal  conditions  ,  N«0e  is  not  formed  during  oxidation 
21  L  3 

of  NO  by  oxygen.  It  can  be  obtained  from  concentrated  nitric 
acid  by  removing  water  with  the  help  of  1*2^5  or  oxidation  by  ozone 
of  gaseous  NO2  or  liquid  N2O4  according  to  the  equation: 

N1O4  +  0,  =  N,0,  -f-  Of 

A  method  has  also  been  developed  for  obtaining  from  ^0^ 

and  oxygen  at  2000  atm.  ^2^5  *s  noC  formed  when  diluted  nitric 


acid  is  produced. 


The  attempts  to  formulate  a  method  for  producing  for 

industrial  purposes  have  not  yielded  positive  results. 

9  10 

Vapor  pressure  ’  above  solid  ^0^: 

Tempera ture,°C  -20  -10.7  0  10.5  32.5 

Vapor  pressure,  mm  Kg  10  18.6  51.5  132  760 

3 

Heat  capacity  c  of  solid 


Temerature , °C  -173.1  -121.1  -73.1 

c,  kcal/(kg  x  deg)  0.140  0.200  0.241 


Physical -Chemical  Properties  of  Nitric  and  Nitrous  Acids 


3,9,10,12,22- 
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Anhydrous  nitric  acid  is  a  not  very  stable  compound.  At 
normal  temperature  ,  it  is  a  colorless  liquid  with  caustic  noxious 
smell.  Commercial-grade  nitric  acid  has  a  yellowish  color  that  is 
governed  by  the  presence  in  it  of  a  small  quantity  of  dissolved 
nitric  acids. 


The  main  properties  of  nitric  acid  are  presented  below: 


Molecular  weight  63.01 

Density  at  15*C, 
g/cmJ  1.53 

Temperature ,  °C 
of  boiling  86 

of  melting  -42.0 

Heat,  cal/g 

of  melting  g7  9.5 
of  evaporation  115 

the  same9'  148.5 

of  dilution  118.5 


Heats  of  formation  kcal/mole 


V*N,+  »/*0i+V*Hi=HN0s 
»/,N,+  3/tO,+  »/*»,=  H  NO, 
VtNt+VtOrf  V*H,  =  HNO, 
V*Ni+  VfO.+V*H,=HNO, 

NO  +-  0,+i/,H,=  UNO,  (liquxi 
NO,  t"  1/jO,  +  1/iH,  =  HN0.1 
‘/jN,0,+  »/«0,+  V*HiO  = 

-HN°»  (liquid)  ■  • 


1867 


There  are  two  known  crystal  hydrates  of  nitric  acid  (fig.  3) : 


trihydrate  HNO^  x  3  ^0  (53. 8Z  HNO-j)  ,  melting  point  -18  °C; 
monohydrate  HNO-j  x  HjO  (77. 8Z  HNOj) ,  melting  point  -38  °C. 

30 


Figure  1-3.  Diagram  of  Crystallization  of 
HNO^-H^O  System 

Key: 

1.  Temperature  ,  °C 

2.  Ice  +  liquid 

3.  Ice  +  HNO^  x  3  H00  (solid) 

4.  (solid)  J 

5.  Content  of  HNO^.Z 

6.  +  liquid 


There  are  eutectic  points  on  the  curve  of  crystallization  of 
the  HN03-H20  system:  at  -63.1°C  (89.95%  KN03)  ,  at  -42°C  (70.5%  HNO-j) 
and  -43°C  (32.7%  HNO-j)  . 

Nitric  acid  mixes  with  water  in  any  ratios.  The  boiling  tem¬ 
perature  of  aqueous  solutions  increases  with  a  rise  in  the  concen¬ 
tration,  reaching  the  maximum  of  121. 9 °C  with  a  content  of  68.4 
weight. %  HN03  (pressure  1  atm.),  and  diminishes  with  a  further  rise 
in  concentration. 

During  distillation  of  aqueous  solutions  of  nitric  acid,  water 
vapors  are  initially  primarily  present  in  the  vapor  phase.  They  are 
gradually  enriched  with  HN03  vapors,  and  when  the  boiling  tempera¬ 
ture  Of  121. 9°C  is  reached,  an  azeotropic  mixture  is  formed.  The 
content  of  HN03  both  in  liquid  and  in  vapors  is  68.4%. 


Concentrated  nitric  acid  during  heating  in  light  and  under 
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the  influence  of  reducers  is  broken  down  according  to  the  reaction: 


4HN0,= 4N0,+ 04  +  2H<0 


Nitric  acid  is  a  strong  oxidizer.  All  the  metals,  except 
platinum,  rhodium ,  iridium,  titanium,  tantalum  and  gold,  are  dis¬ 
solved  in  nitric  acid.  In  this  case  oxides  of  metals  or  nitrates 
are  formed.  With  an  increase  in  temperature,  the  effect  of  HNO^  on 
metals  and  their  alloys  is  considerably  intensified. 

Special  steels  (for  example,  certain  chrome-nickel  steels)  are 
resistant  in  a  medium  of  nitric  acid  with  concentration  to  70% 

HNO^.  An  alloy  of  iron  and  silicon  (f errosilide)  is  practically 
resistant  with  any  concentration  and  any  temperature  of  nitric  acid. 

Of  the  widespread  metals  ,  alunimum  is  the  most  resistant  to 
the  effect  of  concentrated  nitric  acid.  A  thin  layer  of  aluminum 
oxide  which  protects  the  metal  from  further  destruction  is  formed 
on  the  surface  of  aluminum  in  a  medium  of  nitric  acid. 

Concentrated  nitric  acid  destroys  many  organic  substances : 
paper,  straw,  wood,  sawdust,  cotton  fibers,  fabric  etc.  Under  the 
influence  of  HNO^  they  are  carbonized,  and  under  certain  conditions, 
may  ignite.  In  this  case  the  acid  breaks  down ,  releasing  nitric 
oxides.  It  actively  interacts  with  nonmetals :  sulfur  is  oxidized 
into  sulfuric  acid,  coal  ignites  under  certain  conditions,  etc. 
During  the  interaction  of  concentrated  HNOg  and  cyclic  organic 
compounds ,  one  or  several  atoms  of  hydrogen  are  replaced  by  a  nitro- 
group.  The  acid  forms  nitric  acid  ethers,  etc.  with  organic  sub¬ 
stances  that  contain  the  OH  group.  The  interaction  of  HNO^  with 
carbon ,  turpentine ,  alcohol  and  certain  other  substances  can  be 
accompanied  by  an  explosion. 

A  mixture  of  1  part  of  concentrated  nitric  acid  and  3.6  parts 
of  concentrated  hydrochloric  acid  that  has  been  called  aqua  regia , 
is  the  strongest  oxidizer.  Even  platinum  and  gold  dissolve  in  it. 


TABLE  1-25.  DENSITY  OF  AQUEOUS  SOLUTIONS  OF 
NITRIC  ACID3, 12  AT  20°C 


Key:  3 

1.  Density,  g/cm 

2.  Concentration 

3 .  weight .  % 

4.  g/I 


Note:  With  temperature  above  or  below  20°C,  the  following  correc¬ 
tions  should  be  made  for  the  density  values  of  each  degree: 

3  3 

Density, g/cm  Correction  Density, g/cm  Correction 


l.026-t.23»  - 

1,240—  1 ,2»0  0,0010 

1, 25 1—1,320  0,0011 


1,321-1,342 

1,343-1,370 

1,371-1,406 


0,0012 

0,0013 

0,0014 


Key: 

1.  Concentration .weight. Z 

2.  Temperature ,°C 
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When  nitric  acid  is  neutralized  by  alkalis ,  salts  are  formed 
which  crystallize  well  (NaNO^  ,  KNO^  and  others). 


Surface  tension  a 
Temperature  ,°C 
o  ,  erg /cm 


of  anhydrous  nitric  acid 


o 

•jo  5 


10 

10.5 


20 

is ; 


30 
17  4 


40 

10, 3 


50 

15.3 


fiO 

14.3 


70 

13.2 


22. 

SO 

12.2 


TABLE  1-27 .  HEAT  CAPACITY  OF  AQUEOUS  SOLUTIONS  OF 
NITRIC  ACID9  [in  cal/(g  x  deg)] 


KoMUCHTplk 
Uuh  UNO* 

bCC .  % 

<P)  TeMnepary^.,  #C 

KOHfile^TTM'' 
QHH  HNO« 
b«c. 

- GST 

Teanieparypa,  °C 

2.5 

2,.« 

.19,5 

<!<U 

2.5 

21.1 

39.5 

60,1 

1 

0,993 

0,990 

0,985 

0,990 

50 

0,667 

0,680 

0,693 

0,71(1 

■> 

0,978 

0,980 

0,973 

0,980 

55 

0,649 

0,660 

0,675 

0,090 

4 

0.953 

0,950 

0,951 

0,960 

60 

0,630 

0,640 

0,654 

0,670 

6 

0,927 

0,930 

0,929 

0,940 

65 

0,607 

0,620 

0,629 

0,640 

10 

0,884 

0,890 

0,891 

0,900 

70 

0,583 

0,590 

0,603 

0,610 

15 

0,838 

0,840 

0,851 

0,860 

75 

0,558 

0,570 

0,574 

0,580 

20 

0,799 

0,800 

0,815 

0,830 

80 

0,535 

0,540 

0,548 

0,560 

25 

0,767 

0,780 

0,786 

0,800 

85 

0,515 

0,520 

0,521 

0,530 

30 

0,739 

0,760 

0,764 

0,780 

90 

0,490 

0,490 

0,493 

0,500 

35 

0,716 

0,740 

0,744 

0,770 

95 

0,456 

0,460 

0.461 

0,460 

40 

0,698 

0,720 

0,726 

0,750 

100 

0,418 

0,420 

0,425 

0,430 

45 

0,682 

0,700 

0,709 

0,730 

— 

— 

— 

— 

— 

Key: 

1.  HNO~  concentration,  weight. % 

2 .  Temperature , °C 


TABLE  1-28.  HEAT  CONDUCTIVITY  OF  AQUEOUS  SOLUTIONS  OF 
NITRIC  ACIDiZ  [in  kcal/(m  x  h  x  deg)] 


(T 

S-f 

U 

Is 

o£ 

Tewieparypa,  *C 

|4* 

H 

B  . 

is 

KB 

(«?) 

Tewiepa-rypa.  "C 

0 

20 

40 

<0 

80 

100 

0 

' 

20 

40 

60 

80 

(Off 

5 

0487 

0.505 

0.533 

0-554 

0587 

0.573 

65 

0541 

0547 

0550 

0555 

0553 

0.359 

15 

0451 

0484 

0-508 

0.526 

0538 

0-544 

75 

0510 

0510 

0510 

0510 

0510 

0510 

25 

0.433 

0459 

0478 

0495 

0505 

0509 

85 

0)275 

0473 

0.271 

0.289 

0467 

0.265 

35 

0.413 

0.434 

0.448 

0461 

0.469 

0473 

95 

0.239 

0.236 

0-232 

0-228 

0.225 

0.221 

45 

0.392 

0408 

0418 

0428 

0434 

0436 

100 

0.221 

0.216 

0.212 

0.208 

0.205 

0.201 

55 

0389 

0479 

0487 

0.394 

0-399 

0400 

Key: 

1.  Concentration  of  HNO,,  weight. % 

2.  Temperature  ,°C 


t,°C 

pHN03 


The  vapor  pressure  P^jq 


3 


above  anhydrous  nitric  acid: 


5  15  25  35  45  55  85  75  35 

,  mm  Hg  16.7  31.2  57  102  170  262  385  540  720 
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TABLE- I- 29 .  VISCOSITY  OF  AQUEOUS  SOLUTIONS  OF  NITRIC 
ACID/J  (in  centipoise) 


KuMaen- 
rpaUBH 
UNO. 
sec.  “4 

!  l3\  f 

!  ^  TcMiieparypa,  °C 

6)  j 
Kaiiqea- 

TpauiM 
HNOj 
aec.  % 

(J) 

Tennepatyp*,  °C 

0 

to 

20 

30 

*0  | 

0 

!  10  i 

20  i 

i 

30 

40 

105 

1.38 

1.25 

0.87 

1  1 

0.749  | 

644) 

3.18 

2.48 

2,00 

1.65 

1.280 

15.3 

1.68 

I  1.38 

1.21 

0.88 

0.760  1 

79.1 

2.81 

2.52 

1.63 

1.37 

1.140 

23.0 

1.94 

!  1.52 

1.24 

14)2 

0.885 

90.2 

2.17 

.  1.73 

U8 

1.06 

0.947 

35-5 

234 

l  1.80 

148 

1.25 

99.5 

1.18 

0.947 

0836 

0.753 

0884 

53.9 

3.22 

1  238 

1-94 

1.66 

14290  ! 

Key : 

1.  HNO-  concentration,  weight.^ 

2.  Temperature  ,°C 


TABLE  1-30.  FREEZING  TEMPERATURE  OF  AQUEOUS  SOLUTIONS 
OF  NITRIC  ACID24 


- to 

KoHueaTpanm 
UNO.,  MO.  % 

<35 

TeMiieparyp* 

UC 

o) 

KouueurpBqBR 
HNO.,  mc.  % 

— 

TcMneparypa 

•c 

- tn 

Koim«HTpaa«H 
HNO..  MO.  % 

„  & 
TeMiicparypa 

*C 

2.6 

—1.7 

46.0 

• 

-22.6 

80.0 

—37.8 

5.3 

—3.9 

49.9 

-18-9 

81,4 

-39.1 

11.0 

—7.5 

50.7 

—19.0 

838 

-42.9 

14.0 

-103 

54-0 

—18.5 

84.7 

44-4 

19.6 

—15.7 

56.7 

—19.0 

89.9 

— G63 

25.0 

—26.5 

64.7 

—28.6 

90.5 

-64.5 

30.7 

-37.7 

69.46 

—39.6 

94.9 

—40.7 

32.8 

40.6 

—43.01 

-27.5 

75.5 

-38.2 

9845 

— 422) 

Key : 

1.  HNO.,  concentration,  weight. 1 

2.  Temperature  ,°C 


TABLE  1-31.  VALUES  OF  PRANDTL ' S  CRITERION  FOR  AQUEOUS 
SOLUTIONS  OF  NITRIC  ACID3 .96 


- 5T" 

Koiram- 
rpetDM 
HNO. 
MC.  % 

•c 

tn — 

Kownen- 
rpeiunf 
HNO$ 
MO.  % 

^VeimepeTyp*,  *C 

10 

30 

40 

so 

100 

10 

,10 

40 

60 

too 

20 

9.11 

5.78 

4.90 

327 

185 

70 

15.78 

10.28 

849 

6.40 

3.45 

40 

1184 

7,67 

642 

4.45 

2.07 

90 

1194 

7.51  , 

6.59 

5.24 

3.17 

50 

1400 

939 

7.52 

5.28 

3.12 

95  , 

9.12 

6  40  1 

581 

4.72  1 

3.01 

60 

15.64 

1035 

*58 

1 

62)5 

338 

I 

j 

Key: 

1.  HNO^concentration ,  weight. % 

2.  Temperature  ,°C 
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TABLE  1-32.  PARTIAL  PRESSURES  OF  VAPORS  OF  NITRIC 
ACID  ,  WATER  pH  Q  and  TOTAL  PRESSURE  P  ABOVE 

AQUEOUS  SOLUTIONS  OF2NITRIC  ACID9  »12  »25  (IN  mm  Hg) 


Temperature , 
°C 

O 

4 

X 

a 

O 

a 

a 

P  ] 

O 

/. 

X 

0. 

O 

a 

P 

0 

4 

a 

A 

| 

O 

/* 

30%  HNOi 

40% 

HNO, 

45% 

HNO, 

5 

__ 

5,0 

5,0 

4,2 

4,2 

0,05 

3,6 

3,6 

15 

— 

9,7 

9,7 

0,07 

8,0 

8,0 

0,10 

6,9 

7,0 

25 

— 

17,8 

17,8 

0,12 

14,8 

14,7 

0,23 

12,7 

13 

35 

0,07 

31,1 

31,2  1 

0,25 

25,5 

25,7 

0,48 

22,3 

22,8 

45 

0,17 

53,0 

53,2 

0,52 

43,2 

43,7 

0,95 

.38,0 

.39 

55 

0,35 

87.0 

87,3 

1,04 

71 

72 

1,83 

62,5 

64 

65 

0,71 

140 

141 

2,05 

114 

116 

3,47 

100 

103.5 

75 

1,38 

217 

218,4 

3,80 

178 

182 

6,20 

153 

164 

85 

2,53 

325 

328 

6.83 

268 

275 

10,7 

240 

251 

95 

4,53 

478 

483 

11,7 

394 

406 

17,8 

355 

37.3 

105 

7,9 

690 

698 

20,0 

573 

593 

09  •> 

520 

549 

115 

— 

- 

32,5 

sin 

843 

46 

740 

786 

50? 

0  HNO, 

55° 

H 

NO. 

60% 

HNO, 

5 

0,14 

2,8 

3.0 

0,18 

2,5 

2.7 

0,29 

1.8 

2.1 

15 

0,33 

5,5 

5.8 

0,39 

4,9 

5.2 

0.62 

3,6 

4,2 

25 

0,52 

10,7 

11.2 

0,66 

9.1 

9,8 

1,21 

7,7 

8,9 

35 

0,80 

19,0 

19,8 

1,30 

16,1 

17,4 

•»  ')Q 

1.3,6 

15,9 

45 

1,57 

32,5 

34 

2,50 

28 

30,5 

4,20 

23,7 

28 

55 

2,95 

54 

57 

4,54 

46,0 

51 

7,45 

39 

46 

65 

5,46 

88 

93 

8.13 

76 

84 

13,0 

64 

77 

75 

9,6 

138 

148 

13,9 

120 

134 

21,5 

102 

124 

85 

16,3 

211 

227 

23,0 

182 

205 

34,8 

156 

191 

95 

26,8 

315 

342 

37,3 

272 

309 

55,0 

233 

288 

105 

43,0 

463 

506 

58,5 

400 

459 

84,5 

.345 

430 

115 

67 

665 

732 

90 

575 

665 

126 

495 

620 

120 

84 

785 

869 

110 

685 

795 

156 

590 

746 

65? 

i  HNO» 

70%  HNO, 

“  90%  HNO, 

5 

0,60 

1,3 

1,9 

1.10 

0,92 

2,02 

10.7 

0,13 

10.8 

15 

1,21 

2.8 

4,0 

•  2,20 

1,97 

4,2 

19.5 

0,31 

19,8 

25 

2,32 

6,4 

8.7 

4,10 

5,1 

9.2 

29 

0,8 

29,8- 

35 

4.26 

11,6 

15,9 

7,30 

9,8 

17,1 

47 

1,8 

49 

45 

7,55 

20,0 

27,6 

12,6 

16,7 

29,3 

80 

.3 

8.3 

55 

12,8 

33,0 

46 

21,0 

27,3 

48 

127 

.1 

1.32 

65 

21,7 

54,5 

76 

34.5 

44,5 

79 

192 

8 

200 

75 

35,0 

86 

121 

54,5 

70 

124 

282 

13 

295 

85 

54.5 

131 

186 

83 

107 

190 

405 

20 

425 

95 

83,5 

195 

279 

125 

158 

283 

570 

29 

599 

105 

124 

288 

412 

183 

231 

414 

790 

42 

832 

115 

181 

410 

591 

262 

330 

592 

125 

260 

580 

840 

372 

469 

841 

— 

— 

Figures  I-4-I-13  present  the  properties  of  anhydrous  and 
diluted  nitric  acid  under  different  conditions. 

Nitrous  acid  HNO^  is  an  unstable  compound  which  exists  only 
in  diluted  aqueous  solutions.  It  is  formed  in  solution  together  with 
nitric  acid  during  absorption  of  nitric  acids  by  water.  In  addi¬ 
tion,  nitrous  acid  is  formed  in  the  majority  of  processes  where  HNO^ 
is  used  an  oxidizer  ,  during  transmission  of  nitrous  anhydride  in 
cold  water,  or  an  equimolecular  mixture  of  NO  and  NO2,  etc. 
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Figure  1-4.  Dependence 
of  Degree  of  Nitric  Acid 
Breakdown  on  Temperature 

Key: 

1.  Temperature ,  °C 

2.  Degree  of  break¬ 
down  of  HNO^ ,% 


Figure  1-5.  HNO.,  Content  in 
Liquid  and  Gaseous  Phases  at 
Boiling  Point 

Key : 

1.  HNOo  content  in  vapor, 
weight. % 

2.  HNOo  content  in  liquid, 
weight . % 


I mum 


(A)  K0H(4enmpaqu*  HNQj  ,  dec.  % 


Kemieumpauun  HNOj  ,  Sec.  •/• 
(*» 


Figure  1-6.  Viscosity  of  Figure  1-7.  Heat  Capacity 

Aqueous  Solutions  of  Nitric  of  Aqueous  Solutions  of 

Acid  Nitric  Acid  at  Room  Temperature 


Key: 

1. 


Viscosity  ,centi- 
poise 

HNOo  concentration 
weight .  % 


Heat  capacity,  cal / 

(g  x  deg) 

HNO^  concentration  .weight . Z 


Below  are  certain  properties  of  nitrous  acid: 

Molecular  weight  47 

Heat  of  formation  from  simple  substances 

(at  18°C  and  760  mm  Hg) ,kcal/mole  28.5 


-18 . 4 (-18. 13) 


Heat  of  breakdown  according  to  reaction 
3HN02=HN03+2N0+H20  ,  kcal 
Heat^of  neutralization  of  aqueous 
solutions  according  to  reaction  NaOH 
(or  KOH)  +  HN02,  kcal  11.1 


Homtcumponufi  HNOj  ,  teC.  */«  (J) 


Figure  1-8.  Electrical  Figure  1-9.  Heats  of  Dilution 

Conductivity  of  Aqueous  of  Nitric  Acid  by  Water 


Solutions  of  Nitric  Acid 
at  15°C 

Key: 

1.  Specific  electrical 
conductivity,  x,x 
104  Ohm"1  x  cm"1 

2.  HNO^  concentration, 
weight ,% 


Key : 

1 .  Heat  of  dilution  of 
HNOo ,  cal /mole 

2.  Ratio  of  H20:HN03, 
mole /mole 

3.  HNOo  concentration  after 
dilution  ,Z 


Figure  1-10.  Boiling  Points  of  Nitric  Acid 


a. 

b. 


Aqueous  solutions 
Anhydrous 
Temperature ,°C 
mm  Hg 

HN03  concentration,  weight. % 
ff-  Pressure ,  mm  Hg 


1000- 

too- 

-W  600- 


wo  -4- 

so4bS 

<*o  3  § 


«w- i  <00  - 


I  'r*o  to  i«\  ** 
I  r  $ 

8-  —so  30- in  a 
A1  so  H1  I 

ll  1 


Q 

KoHueumpemu* 
HNOj  ,  dec.  % 


Figure  1-11.  Nomograms  to  Determine  Partial  Pressure 
of  HNO^  Vapors  above  Solutions  of  Nitric  Acid 


a. 

b. 

KtrZ 


concentration  of  20-80%  HNO« 
concentration  of  80-100%  HNO- 
mm  Hg 

concentration  of  HNO., ,  weight. % 
Temperature ,°C 


Depending  on  the  nature  of  the  substances  reacting  with  HNO^, 
it  may  be  an  oxidizer  or  a  reducer.  Thus,  hydrogen  peroxide,  ozone, 
permanganates  and  other  strong  oxidizers  oxidize  nitric  acid  into 
HNOg.  Hydrogen  iodide  and  hydrogen  sulfide  reduce  it  to  NO. 

Carbamide  during  interaction  with  HNOj,  is  broken  down  according 
to  the  reaction: 

CO(NH,)*+  2HNO*= 2N*+  CO*+  3H*0 


Under  the  influence  of  strong  acids  ,  nitrous  acid  is  also 
broken  down: 


3HN0t  =  HN0j  +  3N0  +  H*0 
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Figure  1-12.  Nomogram  to  Deter¬ 
mine  Total  Pressure  of  HNO-  Vapors 
and  H-0  Vapors  above  80-1 00Z 
Nitric  Acid 


Key: 

1 .  p ,  mm  Hg 

2.  HNO^  Concentration,  weight  Z 


3 


L -too 


HNO^  with  sulfuric  acid  forms 
alkalis--nitrites . 


Figure  1-13.  Vapor  Pressure  above 
Solutions  of  Nitric  Acid  of 
Varying  Concentration 

Key: 

1.  Vapor  pressure,  mm  Hg 

2.  HNO-  concentration .weight 

<r*  J 


nitrosylsulfuric  acid,  and  with 


Diluted  nitric  acid  that  is  obtained  under  industrial  condi¬ 
tions  always  contains  HNO2  whose  quantity  sometimes  reaches  several 
grams  per  1  l  of  solution.  Increased  partial  pressure  of  NO  during 
absorption  of  nitrous  gases  in  the  production  of  HNO^  promotes  an 
increase  in  the  HNO 2  content  in  nitric  acid. 

Solutions  of  Concentrated  Nitric  Acid  Containing  Nitric  Oxides 

The  heat  conductivity  A  of  a  solution  of  concentrated  nitric 
acid^  that  contains  2.5-5  weight. Z  of  ^0 ^  and  up  to  2Z  ^0: 


AO 


°c 

kcal/(m  x  h  x  deg) 


—20  0  +20  40  80  100  120 

0.223  02231  0.240  0.249  0.266  0.275  0.284 


TABLE  1-33.  DENSITY  OF  ANHYDROUS  NITRIC  ACID  (in  g/cm 
CONTAINING  DISSOLVED  NITRIC  OXIDES12 


0 

!  1,5472 

1,5245 

1,5018 

28 

1,6550 

1,6340 

1,6106 

•» 

•  1,5549 

1,5323 

1.5105 

30 

1,6601 

1,6393 

1,6160 

4 

1.5626 

1,5402 

1.5193 

32 

1,6643 

1,6433 

1,6200 

(0 

1.5867 

1.5646 

1,5443 

38 

1,6718 

1,6500 

1,6268 

14 

1,6027 

1 ,3806 

1,5606 

42 

1,6727 

1,6503 

1,6265 

20 

1.6274 

1,6054 

1,5838 

48 

1,6687 

1,6454 

1,0196 

22 

1,6353 

1,6132 

1,5910 

50 

1 ,6662 

1,6430 

1,6160 

24 

1,6425 

(.6207 

1,5982 

52 

1 ,6662 

1,6430 

1,6160 

26 

l,t5494 

( 

1,6278 

1,6047 

54 

1,6597 

1,6354 

1,6080 

Key : 

1.  NO.,  content,  weight. % 

2.  Temperature  ,°C 


TABLE  1-34.  DENSITY  OF  SOLUTIONS  OF  NITRIC  ACID 
(in  g/cm3)  CONTAINING  NITRIC  TETROXIDE27 


0>  Tf Illicit rypa,  *C 

Convpmame  _ _ _  ,  ,  - - - - 

N.O«.  »ec.  % 

20  10  0 

98,2%  HNOj  j  [  96,0%  UNO, 

20,00  1.5856  1,6037  1,6197  I  44,34  j  1,6088  j  1,6295  j  1,6488 

25,09  1,5984  1,6167  1,6332  46,93  |  1,6066  |  1,6278  |  1,6475 

30.35  1.6138  1,8314  1,6490  1 

34.81  1.6227  1,6406  1,6579  94,2%-  HNOj 

35,62  1,8239  1,6412  1,6590  fl 

38,95  1,8280  1,6470  1,6645  j  25,50  1,5812  1,5990  1,6175 

42,14  1,8288  1,8480  1,0862  29,70  1,5867  1,6055  1,6230 

43.93  1,8284  1,8482  1,8667  35,45  1,5954  1,6105  1,634(1 

45,83  1,6269  1,6453  1,6654  38,80  1,5975  1,6174  1,6357 

49,07  1,6228  1,6430  1,6625  40,20  1,5980  1,6190  1.6380 

50.01  1,6159  1,6385  1,6574  43,90  1,5927  1,6134  1.6334 

51.35  1,6140  1,8355  1,6556  I  46,10  1,5913  1,6124  1,0322 

96,0%  HNO,  92,2%  UNO. 

19.93  1.5757  1,5936  1,6103  20,80  1,5552  1,57.70  1,5904 

24.94  1,5897  1,6075  1,6242  24,66  1,5652  1,5870  1,6020 

30,59  1.6007  1.6185  1,6381  29,03  1,5742  1,592'.  1.6104 

34.7.3  1.6060  1,8252  1,6430  |  34,19  1,5815  l.OOti  1,6195 

38,13  1,0094  1,6283  1,6464  I  39,80  1,5851  1.6050  j  1,02(0 

40,78  1.6105  1,8305  1,6467  j  42,50  1,5824  1.0O20  1  1,6224 

41.81  1,6100  1,6298  1,6489  44,45  1.5802  I.O008  1  1.6208 

47,81  1,5772  1.5973  1.6168 


[Key  on  next  page] 
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Key: 

1.  N20,  conCent  •  weight. % 

2.  Temperature  ,  °C 


TABLE  1-35.  DIFFERENTIAL  HEAT  OF  DISSOLUTION' 
OF  LIQUID  N204  IN  SOLUTIONS  OF  HN03  +  N02 

(in  kcal/kg  N204) 


0) 

Coaepwawife 
N*04,  boo .  % 

gU 

** 

CoaepwaHpe 
N.O.,  MO.  % 

(O 

Coaepwane 
N.O,.  mo.  % 

. 

TeatneiJbTypB 

•c 

a 

a 

B 

0 

20 

0 

59,1 

64,6 

18 

42,3 

34.7 

34 

20.5 

11,3 

o 

58,1 

62,7 

22 

36,9 

27,8 

36 

18,0 

8,7 

4 

58,8 

60,3 

24 

34,1 

24,6 

40 

13,3 

— 

6 

55.1 

57,3 

26 

21,8 

31,1 

44 

9,3 

— 

8 

53,2 

54,2 

28 

19,5 

28,3 

48 

5,2 

— 

10 

51,4 

50,7 

30 

16,3 

25,8 

50 

3,1 

— 

14 

47,0 

43,0 

32 

13,9 

23,1 

" 

Key: 

1. 

2. 


N20,  content,  weight. % 
Temperature , °C 


TABLE  1-36.  HEAT  CAPACITY  OF  ANHYDROUS  NITRIC  ACID 
CONTAINING  DISSOLVED  NITRIC  OXIDES'3 
[ (in  cal / (g  x  deg) ] 


O' 


uonepHta- 

uho  NO, 

BCC.  % 


TexnepaTyp*,  *C 


18 


0,447 

0,447 

0,448 

0,448 

0,449 

0,449 

0,450 


35 


0.448 

0,449 

0,450 

0,451 

0,454 

0,459 

0,463 


0, 

0, 

0, 

0, 

0, 

0, 

0, 


(0 

Conepwa- 
m  NO, 
mo.  % 


26 

30 

34 

38 

40 

45 


O' 


TemiepaTypa.  “C 


18 


35 


0,429 

0,431 

0,432 

0,433 

0,434 

0,436 


0,450 

0,451 

0,452 

0,452 

0,453 


0,467 

0,472 

0,477 

0,482 

0,485 


42 


0,417 


43 


50 


0.498 

0.508 


The  thermal  conductivity  A  of  a  solution  of  concentrated 
26 

nitric  acid  which  contains  2.5  -  5  wt.55  N20^  and  up  to 
2%  H20: 


t  ,°C  .  -20  0  +20  40  80  100  120 

X,  kcal/(m*hr*  0.223  0.231  0.240  0.249  0.266  0.275  0.284 

degree 


2  O 

The  freezing  temperature-  of  20.8?  solution  of  in 

anhydrous  nitric  acid  is  -55 . 6°C. 

The  viscosity  of  solutions  of  nitric  acid  that  contain 
over  20  weight  %  N02  at  0°C: 
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NCU  content,  weight. £ 
Viscosity,  centipoise 


22  24  26  28  30  40  50 

2.48  2.66  2.86  34)5  3.24  4.18  439 


TABLE  1-37.  VISCOSITY  OF  SOLUTIONS  OF  ANHYDROUS  0Q 
NITRIC  ACID  (IN  CENTIPOISE)  CONTAINING  NITRIC  OXIDES^ 


(>■» 

Coaepmamie 

NO „  nee.  % 

Tenneparyp* 

•c 

(O 

ConenWMHae 

NO,.  Me.  », 

^  Tenneprrypa, 

•c 

0 

25 

40 

0 

2S 

<0 

•> 

1,18 

0,79 

0,65 

12 

1,74 

1,13 

0,91 

4 

1,27 

0,85 

0,70 

14 

1,87 

1,20 

0,96 

6 

1,38 

0,91 

0,74 

16 

2,00 

1,28 

1,01 

8 

1,49 

0,97 

0,80 

18 

2,14 

1.35 

1,05 

10 

1,01 

1,U5 

0,85 

20 

2,30 

1,41 

1.10 

Key : 

1.  NO2  content,  weight.^ 

2.  Temperature  ,°C 


TABLE  I- 38.  BOILING  POINT  (twn)  OF 
NITRIC  ACID  CONTAINING  NITRICKOXIDES 
CONCENTRATION  IN  VAPORS3 


SOLUTIONS  OF 
AND  THEIR 


Coaepmtmt 

NO. 

■  pacTBope 
HNO. 

KC.  % 

- & 

JX«Memn, 

mm  pm.  cm. 

760 

«00 

■ISO 

'..h/  *C 

NO.+  N.oi1' 

■  nape 
■ec.  % 

no,+  £6« 

•  nape 
•ec.  % 

t  *c 

■  ■IT.  ^ 

NO.  +  N.O.V 
a  nape 
•ec.  % 

4 

77 

59 

67 

54 

56 

50 

8 

68 

80 

60 

74 

50 

65 

12 

62 

88 

54 

84 

45 

74 

16 

54 

92 

49 

88 

40 

81 

20 

51 

93 

44 

92 

85 

86 

24 

46 

95 

49 

93 

31 

90 

28 

42 

96 

35 

94 

26 

93 

32 

37 

97 

31 

96 

19 

95 

36 

33 

98 

27 

97 

19 

96 

40 

29 

98 

23 

98 

18 

97 

44 

25 

99 

•  — 

— 

— 

49 

245 

99 

— 

— * 

— 

— 

Key: 

1.  NO2  content  in  HNO.,  solution,  weight. % 

2.  Pressure,  mm  Hg  J 

3.  NO2  +  ^0^  in  vapor,  weight. % 


Figure  1-14  presents  data  on  the  vapor  pressure  above  liquid 
^O^  ,  and  figure  1-15  presents  the  diagram  of  boiling  of  the  HNO3- 
^O^  system  with  different  pressures. 
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TABLE  1-39.  PARTIAL  PRESSURES  o  OF 
N02  and  hno3  above  system  hno3-n2o4 


VAPORS30  N90, , 
(IN  ram  Hg) 


! :  oaepwnmre 

N*0* 

P  »rpn  —10 

°C 

p  np*  0  *C 

rtpK  + 1 0  *C 

«ec.  % 

C*' 

MO.1.  % 

N.O. 

NO, 

hno, 

N.O. 

NO, 

hno, 

N,0« 

NO, 

HNO, 

0 

0 

0 

0 

6.94 

0 

0 

44.15 

0 

0 

26.73 

5 

3.48 

0.20 

1.18 

0.52 

0.34 

2.12 

13.74 

0.50 

393 

26.47 

15 

10.80 

1.82 

3.13 

5,80 

3.54 

6.85 

11.74 

6.25 

13-9 

22.35 

25 

18.58 

8.58 

fi.80 

4.62 

16.20 

14.68 

9.12 

27.20 

29.00 

7.30 

?,t> 

22.73 

15.20 

0.08 

4,00 

26.80 

18.87 

709 

46.65 

37.97 

15.38 

■Id 

31-13 

37.45 

14.28 

2.17 

67.52 

29.96 

5.72 

1 16.20 

59.67 

10.63 

50 

40.50 

89.00 

21.90 

1.40 

149.70 

44  65 

2.65 

232.4 

84,53 

6  30 

52 

4200 

105-20 

_ 

— 

172.64 

46.90 

(250) 

— 

— 

— 

54 

44.55 

123.30 

— 

— 

190.40 

49.50 

(1.9) 

308.50 

07.66 

150 

.  1  i  I 

0 5 .1  a c t i  pacc.ioennH  • 


j  95.601  122.50  — 

_  j 

203.00 

50.90 

0  ' 

326.70 

100.50 

1  07.02  j  123.30  ;  — 

-  I 

206-32 

51.88 

(0) 

330.90 

101.20 

;  100  j  121.10  i  — 

I  ;  1 

-  1 

209-70 

52.70 

(0)  1 

339.60 

102  00 

Key: 

1.  N?0,  content 

2.  p  at 

3.  weight. % 

4.  mol.% 

5.  area  of  stratification 


*With  concentration  over  54  weight. %  N02  in  solution,  it  is  strati¬ 
fied  all  the  way  to  an  increase  in  the  N204  content  in  a  mixture  with 
HNO^  to  97  weight. %. 


TABLE  1-40.  VAPOR  PRESSURE  ABOVE  90%  and  80%  7 

SOLUTIONS  OF  NITRIC  ACID  CONTAINING  NITRIC  OXIDES 


co 

CoaepxMHa* 
N.O,  a 
■  pacTHOpe 

»ec.  % 

Jiuhih,  mm  pm.  cm. 

PN.O. 

PNO, 

pN.O,  +  NO, 

pHNO, 

PH,0 

90% 

HNO.  at 

10 ‘’C 

3,2 

4,5 

11,9 

16,4 

15,2 

0,2 

31,8 

6,6 

14,4 

22,4 

36,8 

15,2 

0,2 

52,2 

14,0 

.30,2 

31.2 

81,4 

15,3 

0,2 

76,9 

17,0 

46,6 

39,4 

86,0 

15,4 

0,2 

101,8 

22,0 

87,0 

52,3 

139,5 

15,2 

0.2 

154,6 

90% 

HNO,  at  -JO  °c 

7.0 

4,3 

4,6 

8,9 

4,5 

0 

13,4 

10,4 

7,2 

5,8 

13,0 

4,0 

e 

17,0 

14,0 

10,9 

7,3 

18,2 

4,0 

0 

22,1 

18,2 

17,5 

9,3 

26,8 

3,9 

e 

30,7 

22.0 

27,8 

11,6 

39,4 

4,0 

0 

43,4 

44 


[continuation  of  table  1-40] 


4,1 

ti.fi 

11.2 

14,0 

18,0 

20,8 

22,1 


80V  HNOtat  20  °C 


41,0 

56,0 

97,0 

13,0 

1.3  1 

75,0 

75,0 

150,0 

12,8 

1.3 

140,0 

103,0 

243,0 

12,9 

1.3 

176,0 

113,0 

289,0 

12,7 

— 

229,0 

132,0. 

361,0 

13,0 

1,3 

275,0 

143,0 

418,0 

12,6 

1.3 

291,0 

148,0 

439,0 

12,8 

1.3 

111,3 

164.1 

257.2 


375,3 

431,9 

453,1 


Key: 

1.  ^0^  content  in  solution,  weight.  % 

2.  Pressure,  mm  Hg 

TABLE  1-41.  VAPOR  PRESSURE32  ABOVE  HN0.,-N90 . -H90 
SYSTEM  c 


TeMnepaTvpa  j 

°c 

i 

i 

!  v  AasAesu  rwpoa,  am* 

phno. 

PNO, 

PN,0.  j  PH.O 

Key: 


(i) 

18,45  *ec.  %  HNOi,  74,7%  Nt04,  8,84%  H,0 


40 

0,31 

1,13 

1 

0,97 

0,03 

50 

0,83 

1,51 

1.23  . 

0,04 

58 

0,77 

1,93 

1,68  I 

0,05 

45,38  ai V.  %  HNO«,  50,57%  N,0„  4,05%  HtO 


65,8%  rtc.  %  HNOj,  32,02%  N,04,  2,18%  H,0 


1 .  Temperature , °C 

2.  Vapor  pressure,  atm. 

3.  weight. % 


40 

I  0,87 

0,51 

0,28 

— 

50 

1.27 

0,96 

0,42 

— 

60 

!  1,83 

1,39 

0,47 

— 

66 

1  2,25 

1,76 

0,57 

— 

2,44 

3,69 

4,93 


1.66 

2,65 

3,69 

4,57 


30 

— 

— 

— 

— 

1,55 

40 

0,94 

0,39 

0,210 

— 

1,57 

50 

1,02 

0,47 

0,215 

— 

1,74 

60 

1.24 

1,05 

0,490 

— 

2,78 

75 

2,10 

1,90 

0,620 

— 

4,62 

Figure  1-16  shows  the  total  pressure  of  vapors  ^0^ 
2  above  ^0^ 


HNOo  above  N-,0,.  solutions  in  100%  nitric  acid 


+  NO 


45 


t 


Figure  1-14.  Vapor  Pressure 
above  Nitric  Tetroxide 

Key 

1.  Vapor  pressure,  mm  Hg 

2.  Temperature  ,  °C 


:o  uo  so  so  ioo 

Codrpxcamie  NO,  0  pacmSope,  /he.  T. 

Figure  15.  Diagram  of  Boiling 
of  HNO^-l^O^  System  at  Different 
Pressures 


Key : 

1 .  Temperature  ,  °C 

2.  Liquid 

3.  mm  Hg 

4 .  Vapor 

5 .  NO 2  content  in  solution  , 
weight.  7. 


Figure  1-16.  Total  Vapor  Pressure  of 
N,0,  +  MO,  +  HNO,,  above  Solution  of 
in  l607.  Nitric  Acid 

Key: 

1 .  Vapor  pressure  of  N90,  +  N0,+ 

HNOo ,  mm  Hg  1  1 

2.  Content  of  ^0^  in  HNO^, weight. 


1_.  Production  of  Diluted  (Weak)  Nitric  Acid 
Oxidation  (Conversion)  of  Ammonia  into  Nitric  Oxide 

Gaseous  ammonia  and  air  are  separately  purified  from  mechanical 
admixtures,  heated  and  mixed  in  a  strictly  assigned  ratio.  The 
obtained  ammonia-air  mixture  is  further  exposed  to  fine  purification 
from  residual  contaminants  and  is  sent  to  the  contact  apparatus  for 
oxidation  by  air  oxygen.  Depending  on  the  conditions  for  conducting 


this  process  ,  NO ,  N2O  and  N2  can  be  obtained  in  different  ratios 
according  to  the  reactions: 

4NH,-f  50,  -4NO-“- 011,0-.- 216.7  kcal 
'.Nil,  (-40,  - 2N,o -f  fil  1,0 -r 2(53-9  kcal 
4N(I,+  30,  =  2N,  +  r,IJ,0  -f  303.1  kcal 

Elementary  nitrogen  can  be  formed  in  the  absence  of  a 
catalyst ,  for  example  ,  as  a  result  of  thermal  dissociation  of 
ammonia  when  an  ammonia- air  mixture  comes  into  contact  with  the  very 
heated  walls  of  piping  and  equipment: 

:nh,=n,  -  3M,—2i.o6  kcal 

According  to  the  studies  conducted  in  recent  years,  1.5-3Z  of 
the  supplied  ammonia  can  be  lost  in  the  contact  equipment  that  is 
operating  under  pressure,  even  before  it  reaches  the  catalyzer,  since 
the  inner  surface  of  the  upper  conical  part  of  the  equipment  is 
heated  strongly  as  a  consequence  of  the  thermal  emission  of  the 
catalyzer  grids . 

If  the  ammonia  breaks  through  the  layer  of  catalyst ,  formation 
of  elementary  nitrogen  is  also  possible: 

4NH,+  6N0  =  5N,+  6H,0  + 431.8  kcal 

Breakthroughs  of  ammonia  are  observed  when  the  ammonia-air 
mixture  exceeds  the  assigned  linear  velocity,  with  low  contact 
temperature,  and  especially  when  the  catalyst  is  poisoned  by  toxins. 

The  heat  that  is  released  during  the  oxidation  reaction  of 
ammonia  is  quite  sufficient  for  the  process  to  occur  auto- thermally . 
The  ammonia  oxidation  reactions  with  the  formation  of  nitric  oxide 
and  elementary  nitrogen  are  accompanied  by  a  considerable  loss  of 
free  energy ,  and  occurs  at  a  great  rate ,  practically  irreversibly 
(to  th  e  end) . 

There  is  currently  no  generally  accepted  concept  regarding 
the  mechanism  for  the  contact  process  of  ammonia  oxidation.  The 
basic  reactions  given  above  are  summary ,  and  as  many  researchers 
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assume  ,  do  not  reflect  the  actual  course  of  the  process  of  ammonia 
oxidation. 


33-35 

Different  hypotheses  have  been  advanced  regarding  the 

mechanism  for  and  features  of  the  process  of  ammonia  oxidation.  The 

majority  of  them  are  reduced  to  hypotheses  on  the  formation  during  the 

oxidation  of  NH^  of  unstable  intermediate  compounds ,  which  as  a 

result  of  breakdown  and  regrouping  yield  nitric  oxide  and  elementary 

nitrogen.  Almost  all  the  researchers  share  the  viewpoint  that 

the  rate  of  ammonia  oxidation  is  determined  by  its  diffusion  to 

the  surface  of  the  catalyst  as  the  slowest  stage  that  limits  the 

33 

entire  process  as  a  whole. 

The  output  of  NO  during  catalytic  oxidation  of  ammonia  is 
characterized  by  the  degree  of  its  conversion ,  or  the  percentage  of 
contact.  These  terms  mean  the  ratio  of  the  quantity  of  ammonia 
converted  into  nitric  oxide  to  its  original  quantity  that  is  assumed 
to  be  100%.  In  contact  equipment  that  operates  at  atmospheric 
pressure,  the  degree  of  conversion  of  ammonia  must  be  97-98%  in 
equipment  operating  under  pressure  of  5  atm.  and  higher,  95-96%. 

One  of  the  most  important  conditions  for  achieving  a  high 
degree  of  conversion  of  ammonia  into  nitric  oxide  is  the  activity 
of  the  catalyst.  This  depends  on  its  composition,  characteristics 
of  the  grid  and  the  operating  conditions. 

Catalysts 

The  oxidation  of  ammonia  uses  as  catalysts ,  grids  that  are 
made  of  alloys  of  platinum  with  rhodium  or  with  rhodium  and  palla¬ 
dium.*  These  catalysts  (they  are  called  platinoids)  maintain  high 
activity  and  good  mechanical  strength  for  a  long  time  at  temperatures 
to  880°C  and  pressure  to  10  atm.  They  are  easily  regenerated. 

Attempts  to  replace  the  expensive  platinoid  catalysts  with 
nonplatinum  did  not  yield  positive  results.  Within  15-20  days,  the 

it 

In  recent  years  ,  catalytic  grids  made  of  other  platinoid  alloys 
have  been  used  in  oxidizing  ammonia  into  NO. 
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output  of  NO  in  the  presence  of  nonplatinum  catalysts  ,  even 
operating  under  atmospheric  pressure  ,  was  irreversibly  reduced  by 
several  percents.  A  feature  of  all  the  nonplatinum  catalysts 
(even  the  best  of  them,  like,  for  example,  CoO^  x  CoO  or  Fe202  x 
B^O^)  is  their  high  sensitivity  to  admixtures  that  are  practically 
always  contained  in  the  ammonia-air  mixture. 

Grids  made  of  platinum- rhodium  alloys  (5-10%  Rh)  with  wire 
diameter  0.05-0.07  mm  are  usually  used  abroad. 

In  the  domestic  nitric  acid  systems ,  whose  contact 

sections  operate  at  atmospheric  and  higher  pressure  ,  grids  made  of 

GIAP-1  alloy  are  used  that  contain  92.5 %  Pt ,  3.5%  Rh  and  4%  Pd. 

Grids  made  of  platinum- rhodium-palladium  alloy  are  made  of  wire 

0.092  mm  in  diameter.  They  have  1024  holes  (networks,  cells)  per 
2 

1  cm  .  The  quality  of  the  catalyst  grids  is  controlled  by  GOST 
[state  standard]  3193-59,  the  wires  for  the  platinoid  grids  are 
controlled  by  GOST  8395-57  and  8397-57. 

The  activity  of  the  GIAP-1  catalyst  is  0. 5-1.0%  higher  than 
the  platinum- rhodium  (7%  Rh)  with  the  same  mechanical  strength. 

When  contact  equipment  operates  at  atmospheric  pressure  ,  it 
is  loaded  with  three  (less  often  four)  catalyst  grids,  while  the 
equipment  that  operates  under  pressure  of  5-7  atm,  12-16  grids,  under 
pressure  of  8-9  atm. — a  set  made  of  18-20  grids. 

Table  1-42  presents  the  basic  characteristics  of  the  platinoid 
grids;  table  1-43  presents  the  permissible  deviations  of  the  weight 
of  the  platinoid  grids  that  differ  in  shape  and  diameter. 

The  new  platinoid  grids  display  weak  catalytic  activity.  At 
the  end  of  roughly  24  h  of  operation,  the  NO  output  in  the  ammonia 
oxidation  process  reaches  the  maximum  amount. 

The  term  "active  surface  of  the  grid"  is  used  in  practice.  It 
means  the  surface  of  all  the  longitudinal  and  transverse  wires  per 


unit  of  area  or  weight  of  grid.  With  wire  diameter  0.009  cm  and 
2 

1024  hole /cm  .  r.he  active  surface  of  the  platinoid  grid  is 


2  •  3. 14  •  0.009  V 1024  =  1.809  e** 


The  active  surface  of  the  grid  is  really  much  larger  than  the 
geometric  surface  of  its  wires.  The  threads  of  the  grid  during  NH^ 
oxidation  are  thickened  and  break  up.  Unique  growths  are  formed  on 
their  surface  ,  and  enormous  number  of  the  smallest  crystals  are 
released  of  those  metals  that  are  included  in  the  composition  of  the 
alloy.  This  feature  of  the  platinoid  catalysts  is  taken  into  con¬ 
sideration  in  the  production  practice:  a  grid  that  has  previously 
been  operating  is  set  first  on  the  course  of  the  ammonia-air  mixture. 
This  makes  it  possible  to  considerably  reduce  the  time  for  activa¬ 
tion  of  the  catalyst. 


The  USSR  makes  the  most  frequent  use  of  the  following  plati¬ 
noid  grids: 


Diameter ,  mm 
Approximate  weight ,g 


540  1150  2100  2900 
237  990  3200  6200 


The  grids  must  have  a  shiny  surface.  There  must  be  no  cracks 

or  oxide  films  on  the  wires.  The  damage  places  on  the  grid  of 

2 

total  area  under  5  cm  per  1  kg  of  grid  may  be  fixed.  Large  grids 
from  2050  to  2915  mm  in  diameter  may  consist  of  two  parts  connected 
by  a  seam. 


In  certain  contact  sections  that  operate  at  atmospheric 

pressure ,  a  two-stage  (combined)  catalyst  is  used  to  oxidize  the 

ammonia.  It  consists  of  one  platinum  grid  (first  stage)  and  a  layer 
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of  nonplatinum  catalyst  (second  stage).  At  the  first  stage  of  the 
catalyst,  88-92Z  of  the  ammonia  is  oxidized.  The  total  output  of 
nitric  oxide  in  this  catalyst  corresponds  to  the  output  when  three 
platinoid  grids  are  used.  The  use  of  the  two-stage  catalyst  reduces 
the  one-time  expenditures  for  the  platinoid  grids  roughly  three-fold, 
and  decreases  the  platinum  losses  during  the  oxidation  of  ammonia 
by  10-15Z. 


50 


TABLE  1-42.  CRARACTERSTICS  OF  PLATINOID  GRIDS3 


1 

(6)  ! 

(O 

(5) 

|  AxTffnitafl  nnMpxnoCTb 

j  Hwcno 

Hnr.io  ; 

COTOH 

jipMun^oitn 
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(LA 

1  na  1  cm» 

ccthk,  i 

V’ 

1 

H*  1  CM‘  J 

j  M*  'M1 

CM*/* 

o.or. 

32 

1024 

0,0389 

1,206 

31,0 

n,07 

32 

1024  • 

0,0529 

1,407 

26,0 

0,08 

32 

1024 

0,0691 

1,608 

23,2 

0,09 

32 

1024 

0,0875 

1,809 

20,7 

0,04 

60 

3600 

0,0324 

1,507 

48,5 

0,05 

60 

3600 

0,0506 

1,884 

37,2 

0,06 

60 

3600 

i  0,0729 

2,251 

31.1 

0,07 

60 

3600 

0,0995 

2,638 

28,5 

Key: 

1.  Diameter  of  wire,  mm  ~ 

2.  Number  of  wires  per  1  cmi 

3.  Number  of  holes  per  1  cur  ^ 

4.  Approximate  weight  of  1  cm4  of  grid,  g 

5.  Active  surface  of  grid 

6 .  cm^ /g 


TABLE  1-43.  PERMISSIBLE  LIMITS  OF  DEVIATIONS  IN 
WEIGHT  OF  PLATINOID  ROUND  GRIDS  FROM  CALCULATED  MASS  G 
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540 

237 

218-258 

Kpyr^ 

2050 

3383 

3112-3653 

830 

556 

511-600 

* 

2100 

3549 

3265—3832 

880 

624 

574—674 

* 

2150 

3718 

3420—4015 

1050 

892 

820—963 

Kaajqw^ 

OlttcnyroJibBMW 

2900 

6722 

6184—7280 

1080 

1150 

943 

1067 

867-1018 

981—1152 

475 

96 

156 

•• 

1  1 
S3 

Key : 

1.  Grid  diameter,  mm 

2.  G,  g 

3.  Limits  of  deviations,  g 

4.  Shape  of  cutting 

5.  Circle 

6 .  Square 

7 .  Hexagon 


Physical-Chemical  Bases  of  the  Process 


In  addition  to  the  activity  of  the  catalyst  which  depends  on 
its  composition,  the  degree  of  conversion  of  ammonia  into  nitric 
oxide  is  also  determined  by  other  factors.  The  most  important  of 
them  are:  contact  temperature,  NHgit^  ratio  in  the  ammonia-air 
mixture ,  purity  of  the  gas  mixture  that  comes  for  contact ,  and 
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intensity  of  the  catalyst. 


Effect  of  Temperature 

During  contact  oxidation  of  ammonia,  a  noticeable  quantity  of 
nitric  oxide  is  formed  already  at  300 °C.  With  an  increase  in  tem¬ 
perature  ,  the  degree  of  conversion  increases ,  reaching  the  maximum 
(roughtly  98%)  at  800-900°C.  In  practice,  the  temperature  conditions 
of  ammonia  oxidation  are  adopted  depending  on  the  systems  for 
production  of  nitric  acid  with  regard  for  the  complications  that  are 
associated  with  the  creation  of  high  temperatures  in  the  catalyst 
zone . 


In  contact  equipment  that  operates  at  atmospheric  pressure , 
one  tries  to  maintain  a  temperature  of  770-820°C  in  the  catalyst, 
and  in  equipment  that  operates  under  pressure  of  5-9  atm,  880-9Q0°C. 

The  highest  degree  of  ammonia  conversion  is  achieved  at  these 
temperatures.  It  is  not  expedient  to  increase  the  temperature  above 
900 °C,  despite  a  certain  rise  in  the  degree  of  conversion,  since 
in  this  case,  the  losses  of  catalyst  are  drastically  increased. 

It  is  computed  that  a  theoretical  increase  in  temperature  is 
about  70°C  for  each  percentage  of  ammonia  in  the  ammonia-air  mixture 
that  is  converted  into  nitric  oxide.  The  quantity  of  heat  that  is 
released  during  oxidation  of  ammonia  often  does  not  guarantee  main¬ 
tenance  of  the  indicated  temperatures  on  the  catalyst.  In  order 
to  reach  the  assigned  temperature  of  contact,  air  or  (less  often) 
an  ammonia-air  mixture  is  preheated,  or  its  content  of  ammonia  is 
increased.  The  modern  systems  of  nitric  oxide  production  combine 
all  these  methods.  In  the  units  which  operate  at  atmospheric  pressure, 
the  air  is  heated  to  110°C,  and  on  units  operating  at  increased 
pressure — to  250-300°C. 

Conducting  of  the  process  at  increased  temperatures ,  besides 
increasing  the  output  of  nitric  oxide,  has  other  advantages  as  well: 
the  rate  of  the  ammonia  oxidation  reaction  increases  and  the  time 
required  for  contact  is  reduced.  Thus,  at  650°C,  the  contact  time 
is  5  x  10“\  and  at  900®C,  is  reduced  to  1.1  x  10"^  s. 
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Effect  of  (^iNHj  Ratio  in  Ammonia-Air  Mixture 

Oxidation  of  ammonia  almost  always  uses  only  air.  The  NH^ 
concentration  in  the  ammonia-air  mixture  is  therefore  determined 
by  the  oxygen  content  in  air.  According  to  the  equation  4NH3  + 

5O2  *  4N0  +  6H2O ,  for  complete  oxidation  of  1  mole  of  ammonia, 

1.25  moles  of  oxygen  are  required.  In  this  case,  the  NH^  content 
in  the  ammonia-air  mixture  is: 

[l^:  (lu0+l%‘)]  ,00  =  u-4  volume. £ 

However,  with  a  ratio  of  O2 :  NH3=1 .  25  ,  the  degree  of  conversion 
of  NH^  into  NO  is  comparatively  low  since  a  surplus  of  oxygen  is 
required.  In  addition,  with  a  content  in  the  mixture  of  14. 4Z  NH^ , 
one  would  have  to  work  in  the  region  of  explosion- dangerous  concen¬ 
trations.  The  lower  limit  of  explosiveness  of  the  ammonia-air  mixture 
at  atmospheric  pressure  is  roughly  13.8  volume. Z  NH^.  At  pressure 
5  and  8  atm.  this  limit  is  reduced  respectively  to  13  and  12.4 
volume. Z.  Consequently,  the  ammonia  concentration  in  the  mixture 
with  air  must  be  below  14. 4Z.  The  limits  of  explosiveness  of  the 
ammonia-air  mixtures  are  shown  in  fig.  1-17. 

The  upper  and  lower  limits  of  explosiveness  of  the  ammonia- 
oxygen  mixtures  significantly  depends  on  the  direction  of  the  gas 
stream  (upwards,  downwards,  horizontally),  its  moisture  content, 
pressure  and  other  conditions. 

In  selecting  the  optimal  concentration  of  NHg  in  the  ammonia- 
air  mixture,  and  consequently,  the  C^NH^  ratio,  one  should  take 
into  consideration  the  operating  conditions  of  the  catalyst  (tem¬ 
perature,  pressure,  purity  of  the  original  gases,  etc.).  It  is 
presently  preferahle  to  work  with  an  (^iNH^  ratio  in  limits  of  1.65- 
1.8.  The  degree  of  conversion  is  considerably  reduced  with  (C^: 
NH3)<1.6. 

If  there  is  waste  oxygen ,  it  is  used  to  enrich  the  air, and 
the  NH^  content  in  the  ammonia-air  mixture  is  increased  to  12-12. 5Z. 

In  this  case ,  the  high  output  of  nitric  oxide  is  maintained  without 
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preheating  of  the  air.  The  intensifying  effect  of  oxygen  on  the 
processes  of  oxidation  of  ammonia  and  absorption  of  nitric  oxides 
is  examined  in  a  number  of  publications .  ^6-^0 


CodepottaMue  NH j .  % 


0  too  WOO  WOO 

f1anp0xte**ocm  mma/maamopa, 
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Figure  1-17.  Limits  of 
Explosiveness  of  Dry  and 
Water- Vapor- Saturated 
Ammonia-Air  Mixture 

Key. 

1 .  Temperature  ,°C 

2.  Boundaries  of  explosive¬ 
ness  of  dry  ammonia- 
air  mixture 

3.  Region  of  explosiveness 
of  ammonia-air  mixture 
above  aqueous  solutions 
of  ammonia 

4 .  NH«  content ,  X 


Figure  1-18.  Dependence  of  Degree 
of  Conversion  of  Ammonia  into  Nitric 
Acid  on  Intensity  of  Catalyst  (Grids 
Made  of  GIAP-1  Alloy,  Contact  Tem¬ 
perature  *C.J 

Key: 

1 .  Degree  of  conversion ,Z 

2.  Intensity  of  catalyst,  kg 
NHo/(mz  x  day) 


Effect  of  Intensity  of  Catalyst 


The  degree  of  conversion  of  the  ammonia  is  very  dependent  on 
the  intensity  of  the  catalyst.  This  term  means  the  auantity  of 
ammonia  that  can  be  oxidized  in  a  unit  of  time ,  per  active  surface 

of  the  catalyst  or  unit  of  its  mass.  The  intensity  of  the  catalyst 

2 

is  usually  expressed  in  kg /day  of  NH^  per  1  m  of  active  surface  of 
the  grid  or  1  g  of  platinoids. 

The  contact  equipment  that  operates  at  atmospheric  pressure 
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maintains  intensity  in  limits  of  550-700  kg/(m  x  day)  ,  and  equip¬ 
ment  that  operates  under  pressure  of  8-9  atm. --in  limits  of  2800- 
3500  kg/(m  x  day).  With  a  deviation  from  the  assigned  intensity 
towards  any  side ,  there  is  an  inevitable  reduction  in  the  degree 
of  conversion  because  of  conversion  of  part  of  the  ammonia  into 
elementary  nitrogen.  Figure  1-18  presents  the  dependence  of  the 

o 

degree  of  conversion  of  ammonia  on  the  intensity  of  the  GIAP-1 
catalyst.  The  data  were  obtained  during  operation  at  atmospheric 
pressure  with  an  ammonia-air  mixture  that  is  practically  completely 
purified  of  chemical  and  mechanical  admixtures. 

The  intensity  of  the  catalyst  can  also  be  characterized  by  the 
stream  of  the  ammonia-air  mixture,  or  its  inverse  quantity,  the  time 
of  contact  (stay)  of  the  reacting  mixture  and  the  surface  of  the 
grids  (contact  time) .  This  time  x  (in  s)  is  computed  from  the 
ratio  of  free  volume  of  catalyst  to  the  volumetric  velocity  of  the 
ammonia-air  mixture  under  conditions  of  contact  (temperature  and 
pressure) . 

3 

The  free  volume  of  catalyzer  grids  (in  m  ) ,  i.e.  ,  the  difference 
in  their  total  volume  and  the  total  volume  of  the  platinoid  wires, 
is  computed  from  the  formula4-1: 

iYn) 

100 
2 

where  S — area  of  grid,  m  ; 

d — diameter  of  grid  wire ,  cm; 

n — number  of  grids  in  catalyzer 

2 

m--number  of  holes  per  1  cm  of 

The  velocity  of  the  gas  mixture 
conditions  of  contact  equals: 

MZ73-M) 

273 P 

3 

where  VQ--velocity  of  gas  mixture  with  0°C  and  760  mm  Hg ,  m  / s; 
t — contact  temperature,  cC,* 

P--working  absolute  pressure,  atm. 


group ; 
grid  area. 

3 

(in  m  /s)  under  working 
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From  here  we  find  the  contact  time: 

t.I.s  ,tn  P (i  —  1.57  d  I'  m)  273 
T  lntjV0<273  rO 

Effect  of  Admixtures  in  Ammonia-Air  Mixture 

The  most  important  condition  for  achieving  a  high  degree  of 
ammonia  conversion  is  sufficient  purity  of  the  ammonia-air  mixture 
that  is  sent  to  the  contact  eauioment.  The  filtering  devices  that 
are  used  in  the  production  of  nitric  acid  make  it  possible  to 
Durify  the  gaseous  mixture  only  from  mechanical  admixtures  (silicate 
dust,  scale,  etc.),  but  the  chemical  admixtures  remain  almost  com¬ 
pletely  in  the  ammonia-air  mixture.  They  are  the  strongest  toxins 
for  the  platinoid  grids.  The  catalysts  are  poisoned  especially  often 
with  admixtures  of  sulfur  compounds  (I^S ,  SO2 ,  SO^,  etc.).  Aerosols 
of  oils  and  different  salts  ,  acetylene ,  hydrogen  phosphide  and 
hydrogen  fluoride  are  also  strong  toxins  for  the  platinoid  catalyst. 

Falling  on  the  grids ,  the  oil  bums  and  "carbonizes"  part  of 
their  surface.  As  a  result,  the  degree  of  ammonia  conversion  is 
diminished  by  2-3%.  The  presence  in  the  ammonia-air  mixture  of  an 
admixture  of  acetylene  results  in  a  drastic  decrease  in  the  activity 
of  the  catalyst.  However,  if  a  pure  ammonia-air  mixture  begins  to 
come  to  the  catalyst,  its  activity  is  rapidly  restored.  Admixtures 
of  chlorine  and  carbon  dioxide  almost  have  no  effect  on  the  cata¬ 
lytic  activity  of  the  catalyst  grids. 

Losses  ,  Service  Life  and  Regeneration  of  Platinoid  Catalyst 

The  reactions  which  occur  on  the  surface  of  the  catalyst 
when  it  is  operating  induce  physical  changes  in  the  structure  of 
the  grids.  When  the  grids  are  operating,  their  surface  is  broken 
up  and  nonuniform  growths  appear  on  it ,  the  diameter  of  the  wires 
becomes  unequal,  etc.  As  a  result  of  these  changes,  there  is  a 
gradual  reduction  in  the  mechanical  strength  of  the  grids  ,  the 
separation  of  the  metal  particles  by  the  gas  flow  from  their  surface 
increases.  This  causes  losses  of  catalyst  and  significantly  reduces 
the  service  life  of  the  catalyst  grids. 
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Direct  and  irreversible  losses  of  catalyst  are  distinguished. 
Direct  losses  mean  the  loss  of  grid  weight  in  a  definite  time  of 
their  operation.  Irreversible  losses  are  smaller  than  the  direct  by 
that  quantity  of  catalyst  (dust,  bits  of  catalyst  grid,  etc.)  which 
are  collected  from  the  filters  and  other  apparatus,  as  well  as  on 
the  piping  and  storage  tanks  for  nitric  acid.  The  service  life  of 
the  catalyst  grids  is  expressed  as  the  quantity  of  oxidized  ammonia 
or  (more  often)  spent  nitric  acid  (in  kg)  that  is  attributed  to  1  g 
of  grid  during  their  operation  from  the  moment  of  loading  in  the 
equipment  to  the  refining  (melting)  in  the  form  of  scrap. 

3 

A  number  of  factors  affect  the  amount  of  losses  and  the  service 
life  of  the  catalyst  grids.-  composition  and  intensity  of  the  cata¬ 
lyst,  pressure  of  the  gas  mixture,  contact  temperature,  duration  of 
operation,  contamination  of  the  ammonia-air  mixture,  design  of  the 
contact  equipment,  etc.  Below  is  an  examination  of  the  effect  on 
the  losses  of  the  catalyst  of  only  the  main  listed  factors. 

With  an  increase  in  pressure,  direct  losses  rise,  and  for  the 
GIAP-1  catalyst  comprise  (in  g/m  HNO^) : 

At  atmospheric  pressure  0.045-0.055 

At  5-6  atm.  0.13-0.16 

At  7.5-8  atm.  (without  consideration 

for  return)  0.24-0.28 

Similar  losses  are  observed  when  working  with  platinum- rhodium 
catalyst.  An  increase  in  the  losses  of  platinoids  in  the  eauioment 
which  operates  under  pressure  is  explained  by  the  fact  that  in  them 
the  velocity  and  density  of  the  gas  mixture  are  considerably 
greater,  while  the  temperature  is  higher  than  necessary  to  obtain 
the  same  degree  of  conversion  of  ammonia  in  the  equipment  which 
operates  at  atmospheric  pressure. 

An  increase  in  the  contact  temperature  from  780  to*850°C 
results  in  an  increase  in  the  direct  losses  of  catalyst  by  almost 
double.  With  a  further  increase  in  temperature  to  900-920°C,  the 
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losses  of  catalyst  rise  several  tines.  Experience  has  shown  that 
the  higher  the  intensity  of  the  catalyst  grids  .  the  smaller  their 
losses  (with  other  conditions  equal).  However,  one  should  take 
into  account  that  with  intensity  over  750  kg/m  of  the  active  sur¬ 
face  per  day,  the  degree  of  conversion  is  reduced.  In  addition,  the 

increased  intensity  at  temperatures  above  820-830°C  reduces  the 
service  life  of  the  grids . 

When  solid  admixtures  of  the  ammonia-air  mixture  (for  example. 

silicate  dust  that  is  formed  as  a  result  of  wiping  porolite  tubes) 

fall  on  the  grids  ,  there  is  a  very  strong  effect  on  the  increase 

in  losses  of  the  catalyst.  On  the  first  grid  in  the  course  of  the 

gas  ,  several  times  greater  losses  of  metal  are  generally  observed 

than  in  the  next  grids.  This  is  not  only  explained  by  the  fact 

that  on  the  first  grid,  the  main  quantity  of  ammonia  is  oxidized, 

but  also  by  the  greatest  contamination  of  the  mixture  which  enters 

the  first  grid.  When  operating  at  atmospheric  pressure,  65-67%  of 

the  metal  from  the  total  is  lost  in  the  first  grid  on  the  course 

4-L&CTU s',  oLO—As  <***-■'  A  -/O  * 

of  the  gas£- consequently ,  with  each  regeneration  of  the  catalyst , 

the  grids  change  places  in  the  set:  the  lower  grid  is  usually  set 

first  in  the  gas  course.  The  grids  are  usually  refined  after  their 

weight  has  been  reduced  by  10-15%  from  the  initial. 

An  increase  in  the  duration  of  operation  of  the  grids  results 
in  an  increase  in  the  losses  of  metal.  The  service  life  of  the 
grids  that  operate  under  pressure  of  8-9  atm  must  therefore  be 
limited  to  2-3  months;  at  atmospheric  pressure,  12  months.  On  the 
catalyst  GIAP-1  that  operates  at  atmospheric  pressure  and  temperature 
of  770-820°C,  for  1  g  of  grid  (before  it  is  refined),  2000-2400  kg 
of  nitric  acid  (100%  HNO^)  are  produced.  The  service  life  of  this 
catalyst  at  pressure  7-9  atm.  and  temperature  880-900°C  must  corres¬ 
pond  to  generation  of  1650-1800  kg  of  nitric  acid  per  1  g  of  grid. 

The  finely-dispersed  particles  of  platinoid  alloys  that  are 
removed  by  the  gas  stream  settle  in  the  equipment  and  piping.  Some 
of  them  remain  in  the  production  acid,  and  roughly  15-20%  of  the 
total  losses  of  metal  are  discharged  with  the  exhaust  gases. 


In  the  units  operating  at  atmospheric  pressure,  part  of  the 
platinoid  dust  is  removed  from  the  acid  (on  filters  with  adapter  made 
of  glass  wool)  and  from  sludge  which  is  accumulated  in  the  nitric 
acid  tanks . 

It  is  best  to  set  up  trapping  of  the  platinoid  dust  on  units 
which  operate  under  pressure.  Here  it  is  filtered  out  from  the 
nitrous  gases  ,  acid  which  is  formed  in  the  cooling  units-condensers . 
and  their  production  acid  which  is  sent  to  the  tank  (glass  wool  is 
also  used  as  the  filter  attachment).  In  addition,  the  platinoid 
dust  is  periodically  collected  from  the  equipment  and  gas  lines  by 
wiping  their  inner  surfaces  with  moisture-absorbing  cotton  moistened 
with  alcohol.  A  small  quantity  of  platinoid  dust  is  taken  from  the 
hydrochloric  acid  used  to  regenerate  the  grids.  Thanks  to  these 
measures  ,  the  irreversible  losses  of  platinoid  catalyst  are  succes¬ 
sfully  reduced  by  30-50%  . 

New  methods  have  been  sought  in  recent  years  for  trapping  the 
platinoid  dust.  Crushed  limestone  of  definite  chemical  composition 
(^  1.5%  SiC^b  quartz  wool  in  combination  with  an  absorbent  mass  based 
on  calcium  oxide,  etc.  have  been  tested  as  the  filtering  materials. 
Judging  from  certain  foreign  data,  as  a  result  of  filtering  the 
hot  nitrous  gases  directly  after  the  contact  equipment ,  roughly  85- 
90%  of  all  the  platinoids  lost  in  the  process  of  oxidizing  ammonia 
are  successfully  trapped. 

The  duration  of  operation  of  the  catalyst  grids  until  the 
degree  of  conversion  of  ammonia  in  the  contact  equipment  operating 
at  atmospheric  pressure  is  reduced  is  5-7  months ;on  units  which 
operate  at  increased  pressure,  20-45  days.  The  standards  for  the 
degree  of  conversion  of  ammonia  have  been  set  with  regard  for  the 
operating  conditions  of  the  unit  (purity  of  gases  ,  method  of 
production  ,  etc . ) . 

Restoration  of  the  activity  of  the  catalyst,  regeneration  of 
the  grids,  is  done  as  follows.  The  grids  taken  from  the  contact 
equipment  are  washed  in  water  and  placed  in  a  quartz  bath  filled 
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with  a  12-15%  solution  of  chemically  pure  hydrochloric  acid.  Then 
the  solution  of  hydrochloric  acid  is  heated  to  60-70°C  and  the 
grids  are  kept  at  this  temperature  for  2  h.  After  this,  the  acid 
solution  is  poured  out ,  the  grids  are  thoroughly  washed  in  distilled 
water  (until  there  are  no  chlorine  ions  in  the  wash  water)  ,  dried  and 
they  are  calcined  in  alcohol  or  a  hydrogen  flame.  If  necessary, 
before  regeneration  the  grids  are  repaired  by  replacing  the  damaged 
sections  with  whole  pieces  of  spent  grids  intended  for  refining. 

Processing  of  Nitric  Oxide  into  Nitric  Acid 

In  nitrous  gases  that  are  obtained  by  contact  oxidation  of 
ammonia  ,  NO  is  oxidized  by  the  oxygen  present  in  the  gas  to  higher 
oxides  of  nitrogen  which  form  nitric  acid  during  the  interaction 
with  water. 


When  nitrous  gases  are  processed  into  nitric  acid,  the 
following  reactions  occur: 


2NO+O|=2N0j4-28J 
2N0,  5TZ  N,04+ 116 
N Of  4-NO  N*0,4-9.e 

NiO»-f  HtO  =  2HNO,+ 13.3  • 
3NO,4-  H,0  =  2HNO,+  NO  +  32.53 
3HNO*=  HNO,+ 2N0+  HiO  - 18.13 


kcal 

kcal 

kcal 

kcal 

kcal 

kcal 


The  process  of  producing  diluted  (weak)  nitric  acid  can  be 
presented  as  the  successive  occurrence  of  the  following  stages: 

1)  diffusion  of  nitric  acids  from  gas  to  liquid  phase;  2)  absorption 
of  nitric  oxides  by  water  with  the  formation  of  nitric  and  nitrous 
acid;  3)  breakdown  of  nitrous  acid. 


Of  the  reactions  presented  above,  the  slowest  is  the  first. 

On  the  whole ,  it  limits  the  entire  process  of  reprocessing  nitric 
oxides  into  diluted  nitric  acid.  The  reaction  of  nitric  oxide  oxi¬ 
dation  is  accelerated  with  a  drop  in  temperature,  and  with  an  in¬ 
crease  in  temperature  is  slows  down  all  the  way  to  almost  complete 
halting. 
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The  dependence  of  Che  equilibrium  constants  of  the  reaction 
2N0  +  02*-  2NO2  on  temperature  can  be  computed  from  the  equation: 

p^oPo, 

where  ^--equilibrium  constant  with  given  temperature; 

^NO  ’  pNC>2  ,  PQ^-'P^rtial  pressures  of  gas  mixture  components  ,  atm. 

Below  are  the  computed  constants  for  equilibrium  of  the  oxidation 
reaction  of  NO  into  NO2  at  different  temperatures: 


Temperature 

°C 

|  1SK1 

iKl 

1 

iTemperature 

!  °c 

!  Wi 

1 - 

K1 

0 

—  14.093 

8O7  10-U 

400 

-1.091 

8.11 -10** 

50 

—10,732 

185- 10* 11 

450 

-0,472 

0.337 

150 

— 3.368 

4.29-10-’ 

600 

+0,963 

9.180 

200 

-4871 

1.35- 10-* 

700 

+1.673 

47.100 

:ioo 

— 2854 

2.22- 10'* 

800 

+2.247 

177.00 

350 

—  1.810 

1.55-10** 

900 

+2.821 

662.00 

The  equilibrium  constant  of  the  oxidation  reaction  of  NO  for 
other  temperatures  can  be  computed  from  the  formula: 

lg  jr  _2Z!®  + 1.75  lg  (1  +  273) — 08006  (« +  273)  +  2.839 
*  1  +  273 

where  K^-- equilibrium  constant  at  t; 
t — temperature , °C. 

Since  the  reaction  of  oxidation  of  NO  into  NO2  occurs  slowly , 
then  we  do  not  strive  to  reach  an  equilibrium  composition  of  the 
nitrous  gases  to  be  processed.  Usually  with  assigned  conditions,  we 
are  limited  to  a  definite  degree  of  oxidation.  The  rate  of  oxidation 
of  NO  into  NO2  strongly  depends  on  the  concentration  of  components 
in  nitrous  gases,  temperature  and  pressure.  The  equation  for  the 
reaction  rate  2N0  +02^  can  be  presented  in  a  general  form  by 

the  formula: 

$=*•« » 

where  Z — rate  of  reaction  of  NO  oxidation; 
k- -constant  of  the  reaction  rate; 


a- -concentration  of  NO  in  the  gaseous  mixture; 
b-- concentration  of  O2  in  the  gaseous  mixture. 


Table  1-44  presents  the  constants  for  the  rate  of  the  nitric 
oxide  oxidation  rate  at  absolute  pressure  1  atm.  and  different  tem¬ 
peratures.  If  the  NO  oxidation  reaction  is  done  under  pressure  above 
1  atm. ,  then  the  corresponding  rate  constant  is  multiplied  by  the 
square  of  pressure. 


TABLE  1-44.  CONSTANTS  OF  REACTION  RATE  OF  OXIDATION 
AT  DIFFERENT  TEMPERATURES12  .41  (ABSOLUTE  PRESSURE  1  ATM.) 


k'3 

Trnncpa- 

Tjrpa.  *C 

TUT 

V  KOHCTtHTM  CKOpOCT*  peiKQn 

<o) 

Tmimm- 

np«.  ‘c 

(■*'  Koinrnmni  cropocra 

peaimra 

V10'4 

V 

k%- 10* 

*  -I0-* 

* 

V,#* 

0 

3-48 

09.3 

6.930 

200 

131 

8-71 

0871 

30 

2.05 

42.8 

4.280 

241 

1,21 

0.80  ' 

0880 

60 

2.18 

29.2 

2.920 

300 

1.12 

5,13 

0813 

90 

1.87 

21.0 

2.100 

340 

1.10 

484 

0434 

100 

180 

198 

1.9500 

389 

1.08 

3.07 

0887 

141 

154 

138 

1830 

Key: 


1. 

2. 


Temperature ,  °C 
Constants  of  reaction  rate 


Here  kc — values  of  constants  with  concentration  of  nitric 
oxide  and  oxygen  expressed  in  mole/1; 
k  --values  of  constants  with  concentrations  of  nitric 
p  oxide  and  oxygen  expressed  through  partial  pressures 
in  atm.  (concentration  of  components  may  be  expressed 
also  in  molar  fractions  of  a  unit) ; 
k«--values  of  constants  with  concentrations  of  nitric 
/a  oxide  and  oxygen  expressed  in  percents  by  volume  with 
absolute  pressure  1  atm. 


The  presented  data  demonstrate  that  the  quantity  k  diminishes 
with  a  rise  in  temperature.  It  follows  from  here  that  the  rate  of 
NO  oxidation  by  oxygen  changes  depending  on  the  temperature  of  the 
gas  mixture,  proportionally  to  the  change  in  the  rate  constant. 

The  rate  constants  for  oxidation  of  NO  into  N09  diminish  with 
an  increase  in  pressure.  For  example,  at  20°C,  they  have  the 
following  values: 

Absolute  pressure .  am.  ^  ^  ^  ^ 
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The  time  required  for  oxidation  of  NO  into  NO2  to  the  assigned 
degree  is  determined  from  the  equation: 


1  r  (&—«)*  , 

iT  -  (>— a)>  lu-*)«+2,3l*t(i>-*)«J 


where  k — constant  of  reaction  rate; 

T--reaction  time,  s; 

a--half  of  the  initial  NO  concentration,  volume 

b--initial  concentration  of  O2,  vol.  % 
x--consumption  of  O2  to  oxidize  NO,  vol.%. 


W ith  an  increase  in  pressure ,  the  reaction  rate  of  NO  oxidation 
into  NO2  rises  in  direct  proportion  to  the  square  of  pressure,  while 
the  time  required  for  reaching  the  assigned  degree  of  oxidation  is 
changed  in  inverse  proportion  to  the  square  of  pressure.  With  an 
increase  in  pressure ,  it  becomes  possible  to  reduce  the  specific 
volumes  of  the  equipment  for  oxidation  of  NO  into  NO2  not  only  be¬ 
cause  of  the  increase  in  the  rate  of  this  reaction,  but  because  of  a 
reduction  in  the  physical  volume  of  the  gas  mixture  that  changes  in 
inverse  proportion  to  pressure.  Thus,  the  required  reaction  volume 
of  the  equipment  is  inversely  proportional  to  the  cube  of  pressure 
(reduction  in  the  second  degree  because  of  the  increase  in  the  rate 
of  NO  oxidation  into  NO2,  and  in  the  first  degree  because  of  the 
reduction  in  the  total  volume  of  gases) . 


Processing  of  nitrous  gases  into  diluted  acid  is  usually  done 
at  10-50°C.  A  lower  temperature  has  recently  been  maintained  in 
individual  cases.  At  these  temperatures,  part  of  the  nitrogen  pero¬ 
xide  is  polymerized  into  N2O4.  In  nitrous  gases,  NO2  and  ^0^  are 
practically  always  in  a  state  of  equilibrium.  The  equilibrium  con¬ 
stant  K2  of  the  reaction  2NO2  expressed  through  partial 

pressures  of  NO2  and  ^0^ ,  equal  to 

gt~*!24. 

*N.O. 

Below  are  the  values  for  the  constant  ^  for  certain  tempera¬ 
tures  t: 


63 


O'  20  *■  40  fio  80  100  ’120  ISO 

0.0178  0.0980  0  4345  1  0070  5.129  14  20  3532  114.00 


The  equilibrium  constant  K2  can  be  computed  according  to  the 
formula: 

lg  Kt= - + 1.75  lg  (l + 273)  +  0.00483  (l + 273)  -  7  144  •  W*  <t + 273)*+  M82 

*  t  Zlo 


By  knowing  the  quantity  K2  for  this  temperature ,  one  can  com¬ 
pute  the  degree  of  dissociation  of  and  the  equilibrium  quantities 

of  nitrogen  peroxide  and  tetroxide  in  the  gas  phase. 

Absorption  of  nitrogen  peroxide  bv  water  occurs  according  to 
the  following  summary  reaction: 

3NO,+  H«9=2HNO,+  NO+ 32.53  KCal 

By  ignoring  the  small  content  of  l^O^  *-n  t*le  gases ,  all  the 
calculations  of  the  process  of  absorbing  nitric  oxides  are  made  based 
on  this  equation.  It  follows  from  the  reaction  equation,  that  of  the 
three  NO2  molecules,  two  are  converted  into  nitric  acid,  while  one 
into  NO  which  again  must  be  oxidized  according  to  the  known  reaction: 

2N0  +  0.-2N0* 

The  formed  nitrogen  peroxide  again  reacts  with  water  and 
is  converted  by  2/3  into  nitric  acid  and  by  1/3  into  nitric  oxide, 
etc.  Thus,  no  matter  how  many  absorption  cycles  are  made,  it  is 
impossible  to  convert  all  the  nitrogen  peroxide  into  nitric  acid: 

1/3  of  the  nitric  oxides  will  always  be  released  in  the  gas  phase  in 
the  form  of  NO.  It  is  also  taken  into  consideration  that  with  a 
decrease  in  the  total  concentration  of  nitric  oxides  ,  the  process 
of  NO  oxidation  is  drastically  slowed  down,  and  practically  complete 
processing  of  the  oxides  into  acid  would  require  enormous  volumes 
of  reaction  equipment.  Consequently,  we  are  limited  to  a  definite 
degree  of  absorption  of  nitric  oxides:  in  the  systems  operating  at 
atmospheric  pressure,  92-94Z.  and  in  the  systems  operating  at 
increased  pressure,  98-99. 5Z. 
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The  nitric  oxides  that  remain  in  the  gases  are  oartially 
trapped  by  the  alkali  solutions  (in  systems  without  pressure)  or  are 
released  into  the  atmosphere.  Certain  active  units  that  operate  under 
increased  pressure  have  recently  been  neutralizing  the  exhaust  gases 
by  catalytic  breakdown  of  the  nitric  oxides. 

The  process  of  interaction  of  NO2  with  water  is  done  in  towers 
arranged  in  series  with  a  ceramic  packing  (in  systems  without  pressure) 
and  in  columns  with  bubble-cap  plate  or  sieve-plate  (in  pressurized 
systems).  Close  contact  between  the  gases  and  the  solution  is 
guaranteed  in  the  absorption  equipment.  Almost  always,  even  with 
low  concentrations  of  nitric  oxides  ,  the  process  of  acid  formation 
occurs  more  rapidly  than  oxidation  of  NO  into  NO2.  One  can  conse¬ 
quently  consider  that  the  reaction  of  NO2  absorption  by  water  reaches 
the  state  of  equilibrium , and  acid  formation  occurs  only  as  NO  is 
oxidized  into  NO2. 

The  equilibrium  constant  of  the  reaction  3NO2  +  H20  *■  2HN0g+N0 

can  be  presented  as  the  product  of  two  particular  constants: 


gljNO. 


The  constant  Kg'  expresses  the  ratio  of  NO  and  NO2  in  the  gas 
phase,  or  the  degree  of  oxidation  of  the  nitrous  gases,  while  the 
constant  Kg”  expresses  the  ratio  of  partial  pressures  of  vapors  of 
HNOg  and  H2O  above  an  aqueous  solution  of  nitric  acid. 

The  constants  K'g,  K"g  and  their  product  Kg  which  depend  on  the 
temperature  and  concentration  of  nitric  acid  irrigating  the  tower 
(or  column)  are  presented  in  table  1-45  and  1-46. 


The  effect  of  individual  factors  on  the  processes  occurring 
in  the  absorption  part  of  the  nitric  acid  system,  as  well  as  certain 
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relationships  that  characterize  these  processes  are  presented  in 
fig.  I-19-I-22 . 


Figure  1-19.  Dependence  of 
Equilibrium  Degree  of  NO 
Oxidation  on  Temperature  and 
Absolute  Pressure  (initial 
composition  of  gas  mixture: 
9.92  vol.%  of  nitric  oxide, 
5.68%  oxyge) . 

Key: 

1.  Degree  of  oxidation  of 
NO .% 

2 .  Temperature  .  °C 

3.  Atmospheres 


( i)  Tef»ntpamijpa ,  X 

Figure  1-20.  Dependence  of 
Partial  Constants  of  Equilibrium 
on  Temperature  and  Concentration 
of  Nitric  Acid 

Key: 

1 .  Temperature , °C • 


Figure  1-21.  Nomogram  to 
Determine  Ratio  of  NO  and  NO2 
above  Nitric  Acid  under  Condi¬ 
tions  of  Equilibrium  at  25 °C 
(dotted  line  shows  the  lines 
for  change  in  gas  composition 
during  its  transition  to  the 
equilibrium  state  with  acid) . 


Key: 

1 .  Degree  of  oxidation 

to*. 


Figure  1-22.  Dependence  of  Specific  Absorption  Volume 
on  Different  Factors 

Key : 

a.  On  degree  of  acid  absorption  of  nitric  oxides 
(system  made  of  six  towers,  acid  content  in 
gases  5.5%.  absorption  temperature  30°C,  acid 
concentration  50%  HNOo) 

b.  On  number  of  stages  of  tower  system  (without 
consideration  for  volume  occupied  by  packing) 

c.  On  consumption  of  pure  oxygen  per  1  m  of  100% 
HNOo  (specific  absorption  volume  without  addi¬ 
tion  of  oxygen  is  taken  as  100%). 

1.  Specific  absorption  volume.  m3/(m  x  dav) 

2.  Degree  of  acid  absorption, % 

3.  Number  of  stages  o 

4.  Consumption  of  pure  oxygen,  nr  /m  HNO^ 


y:l.  HN03  concentration,  weight. % 

2.  Temperature  ,*C 

3 .  Average 
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TABLE  1-46.  PARTIAL  CONSTANTS  ■'«  Kl=lrJhT, 


KouaenTpaim  Hno>,  mc.  *i 
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30 
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00 
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8,45 

7,58 

7,00 
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4,68 

4,15 

3,55 

2,92 

2,20 

1,37 

25 

7,90 

6,87 

6,25 

5,75 

5,25 

4,75 

4,25 

'3,73 

3,18 

2,66 

2,08 

1,42 

0,70 

SO 

6,90 

5,85 

5,20 

4,64 

4,1)9 

3,55 

3,08 

2,60 

2,10 

1,60 

1,10 

0,55 

—0,05 

75 

5,93 

1 

4,77 

1 

4,12 

3,55 

3,03 

2,55 

2,09 

1,65 

1.17 

0,71 

0,24 

— 0,25 

—0,75 

Key: 


1.  Temperature  ,°C 

2.  HNO-j  concentration,  weight. % 


The  degree  of  absorption  of  nitric  oxides,  i.e.,  their  con¬ 
version  into  nitric  acid,  depends  on  many  factors:  temperature  con¬ 
ditions  of  the  process,  composition  of  nitrous  gases,  surface  and 
density  of  spraying,  quality  of  the  packing,  design  of  the  column 
plates,  pressure,  specific  volume  of  absorption  eauioment ,  etc. 


Absorption  of  Nitric  Oxides  of  Low  Concentration  by  Alkali  Solu¬ 
tions^-^ 


On  the  units  operating  at  atmospheric  pressure,  as  indicated, 
we  are  limited  to  processing  into  nitric  acid  of  92-94%  of  the  nitric 
oxides.  The  remaining  quantity  of  nitric  oxides  in  the  nitrous 
gases  (about  1%  NO  +  NO2)  is  absorbed  by  solutions  of  calcined  soda, 
less  often,  by  milk  of  lime  or  solutions  of  caustic  soda. 


The  plan  for  the  process  of  absorption  of  nitric  oxides  of 
low  concentration  by  solutions  of  calcined  soda  can  be  presented  by 
the  following  equations: 

N0+ N0|+ HfO»2HNO( 

2N0i+H*0=HN0,+  HNOi 
NhCO,+ 2HNO»= 2N«NO*-f  CO,  4-  H*0 
N«tCO,+ 2  IINO»=»  2N*N0, + C0*+ H*0 

Oxidation  of  nitric  oxide  occurs  simultaneously  according  to 
the  reaction:  2N0+02*2N02-  Usually  absorption  of  the  nitric  oxides 
by  alkali  solutions  is  done  in  towers  with  ceramic  packing  made  of 
rings  no  more  than  150  x  150  mm  in  size.  This  makes  it  possible  to 
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create  a  large  contact  surface  between  the  liquid  and  gas  phases. 

The  degree  of  absorption  by  alkali  solutions  of  the  residual 
nitric  oxides  depends  on  the  composition  and  concentration  of  nitric 
oxides  in  the  gas,  density  of  sprinkling  during  circulation  of  the 
alkali  solutions ,  the  content  in  them  of  nitrites  ,  nitrates  and  free 
alkali,  as  well  as  the  quantity  of  admixtures  suspended  in  the  gas 
(oxides  and  hydroxides  of  heavy  metals,  silicates,  etc.). 

The  nitric  oxides  are  absorbed  from  the  gas  mixture  in  which 
nitric  oxide  dominates  over  peroxide,  in  the  form  of  The  rate 

of  NC>2  absorption  by  the  alkali  solution  is  lower  than  the  rate  of 
N2O2  absorption.  It  is  consequently  expedient  to  preliminarily 
completely  transform  NO  into  NO2,  also  taking  into  consideration 
that  for  this  process  ,  with  general  low  concentration  of  nitric 
oxides,  greater  volumes  of  oxidation  towers  would  be  necessary.  It 
has  been  established  that  the  oxidizing  rate  of  absorption  of  nitric 
acids  with  their  low  concentration  in  gas  reaches  the  maximum  already 
with  a  ratio  of  NC^:  NO  =  1. 

After  acid  absorption  of  the  nitric  acids,  the  N02:N0  ratio 

in  the  gas  does  not  exceed  0.25r0.3,  therefore  the  gases  should  be 

preliminarily  additionally  oxidized  to  the  assigned  quantity.  This 

process  usually  occurs  in  an  empty  tower  which  is  placed  before  the 

alkali  part  of  the  absorption  system.  The  density  of  tower  sprinkling 

3  2 

by  alkali  solutions  is  kept  in  limits  of  5-6  tn  /m  of  the  surface. 

With  lower  density  of  sprinkling ,  the  degree  of  absorption  of  nitric 
oxides  is  considerably  impaired. 

With  an  increase  in  the  total  content  of  salts  in  the  circula¬ 
ting  alkali  solutions  above  400  8/1.  and  a  surplus  of  free  Na2C02 
of  10-12  g/l,  the  degree  of  absorption  of  the  nitric  oxides  (initial 
content  0.91  of  NO  +  NO2)  is  decreased  by  8-9%  because  of  the  increase 
increase  in  the  viscosity  of  the  solutions,  and  for  other  reasons. 
Consequently,  for  greater  completeness  of  absorption  of  the  nitric 
oxides ,  it  is  more  expedient  to  remove  the  production  nitrite- 
nitrate  solutions  with  total  salt  content  of  400-420  g/l  with 
invariable  presence  of  free  Na2C0g  in  a  quantity  of  ^15  g/l.  In 


this  case,  solutions  are  obtained  with  NaNC^:  NaNO^  ratio  equal  to 
(6-7) :1.  This  makes  it  possible,  when  they  are  concentrated  by 
evaporation  and  crystallization,  to  separate  into  the  precipitate 
no  less  than  30%  of  the  standard  sodium  nitrite. 

Suspended  admixtures  have  a  great  effect  on  the  degree  of 
absorption  of  the  nitric  oxides  by  alkali  solutions.  Their  source 
in  the  sprinkling  cycle  of  the  towers  is  calcined  soda  which  often 
contains  over  1%  insoluble  compounds.  In  addition,  poorly  soluble 
sodium  bicarbonate  is  constantly  formed  in  the  solutions.  In  a 
comparatively  short  time  (roughly  in  3  years),  a  considerable  quantity 
of  insoluble  admixtures  is  formed  on  the  tower  packing,  especially 
in  its  upper  part.  This  results  in  a  deterioration  of  sprinkling,  and 
as  a  consequence  ,  a  decrease  in  the  degree  of  absorption  of  the  nitric 
oxides.  It  is  expedient  to  filter  the  soda  solutions  before  nitric 
oxide  is  supplied  for  absorption. 

The  degree  of  absorption  increases  with  a  rise  in  pressure  and 
concentration  of  nitric  oxides  in  the  gas.  A  change  in  temperature 
in  limits  of  20-60 °C  has  almost  no  effect  on  the  degree  of  absorp¬ 
tion. 

(-fi  ■ 

It  is  fairly  difficult  to  dissolve  soda  in  watery.  Absorption 
of  nitric  oxides  previously  employed  20-22 %  aqueous  solutions  of  soda. 
In  this  case ,  nitrite-nitrate  solutions  were  obtained  with  total 
salt  concentration  no  higher  than  300  g/l.  In  order  to  attain  a 
higher  concentration  of  them ,  it  is  preferable  to  dissolve  the  soda 
in  part  of  the  circulating  solution  and  return  it  to  the  cycle  of 
tower  sprinkling.  Good  joint  solubility  of  NaNC^  and  ^2*303,  as  well 
as  NaNC>2  and  NaCO^  (table  1-47,  1-48)  makes  it  possible  to  prevent 
the  precipitation  of  salts  from  the  circulating  solutions  in  the 
process  of  nitric  acid  absorption. 

For  normal  conducting  of  the  process  of  alkaline  absorption  of 
nitric  acids,  their  content  is  successfully  reduced  in  the  exhaust 
gases  roughly  to  0.12%.  The  fundamentals  of  the  process  of  nitric 
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acid  absorption  from  nitrous  gases  by  milk  of  lime  ,  solutions  of 
caustic  soda  and  other  alkalis  do  not  differ  from  those  described. 


TABLE  1-47.  JOINT  SOLUBILITY  OF  NaNOo  AND  Na,CCU 
IN  WATER  AT  30 °C  c  J  i 


t 


Key: 

1.  Solubility,  weight. % 

2.  Density  of  solution,  g/cm^ 


By  knowing  the  heat  of  formation  of  nitrous  and  nitric  acids 
4af?<T*the1  leats  of  their  neutralization  by  alkalis ,  one  can  compute 
the  total  thermal  effect  of  the  reactions  of  salt  formation  in 
solutions.  During  absorption  of  nitric  oxides  by  solutions  of  caustic 
alkalis,  the  thermal  effect  is: 


2NO,+2NaOH  =  NaNO,+  N«N0*+H*0  +  55.4  kcal 
NO+NO*+2NaOH  =  2NaNO*+H*0+45,l  ^cal 
2N0,4-2K0H=KN0,+  KN0,+  H,04-M.9  kcal 


Inversion  of  Nitrites  into  Nitrates^ 

—"Nitrite-nitrate  solutions  that  are  obtained  in  alkaline 
absorption  of  nitric  oxides  from  nitrous  gases  ,  as  well  as  mother 
liquors  which  are  formed  in  the  production  of  crystalline  NaN02  are 
reprocessed  into  the  appropriate  nitrates  (p./^).  During  conversion 
(inversion)  of  nitrites  into  nitrates  by  nitric  acid,  chlorides  are 
broken  down  (p./^)  and  the  chloride  compounds  are  removed  from 
the  system  (fig.  1-23). 

The  rate  of  the  inversion  process  is  determined  by  the  rate  of 
breakdown  of  nitric  acid  that  is  formed  intermediately  during  the 
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TAELE  1-48.  JOINT  SOLUBILITY  OF  NaN02  and  NANO^  IN  WATER 


2  H  100  i  UO, 
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58.8 
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116* 
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32.4 
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1.  Solubility 

2.  g  in  100  g  of  water 

3.  weight. % 

4 .  at 

*  Both  salts  precipitate  out  of  the  supersaturated  solution. 
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Figure  1-23.  Dependence  of  Degree  of 
Removal  of  Chloride  Compounds  with  Nitric 
Oxides  during  Inversion  of  Nitrites  into 
Nitrates  on  the  HNO^  Concentration 


Degree  of  removal  of  chloride 
compounds  (in  conversion  for  NaCl)  , 

^  - 

HNO^  concentration,  g/l 


interaction  of  nitrites  with  nitric  acid.  The  solutions  that  are 
exposed  to  inversion  are  very  supersaturated  with  nitric  acid  which 
slows  down  the  breakdown  of  nitric  acid  and  results  in  a  decrease 
in  the  rate  of  the  reaction  of  nitrate  formation.  The  rate  of  the 
inversion  process,  of  nitrites  significantly  rises  with  an  increase 
in  the  temperature  of  the  solutions,  increase  in  them  of  nitric  acid, 
and  with  the  supply  of  large  quantities  of  air. 
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Figure  1-24.  Plan  of  Production  of  Diluted  Nitric 
Acid  at  Atmospheric  Pressure 
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Industrial  Plans  for  Production  of  Diluted  Nitric  Acid 

The  theoretical  principles  for  the  process  of  forming  diluted 
(weak)  nitric  acid  are  stated  in  a  number  of  works'^  *  50-54. 


Different  systems  are  currently  used  for  producing  diluted 

c  c  r  o 

nitric  acid.  °  Some  of  them  have  been  undated  in  recent  years. 
This  significantly  improved  the  technical-economic  indices  of  their 
operation. 


The  systems  that  operate  under  increased  pressure  have  to  be 
equipped  with  apparatus  to  trao  the  nitric  oxides  ^  >65  ,94  t^at  are 
contained  in  the  exhaust  gases,  or  for  their  catalytic  breakdown. 


Systems  Operating  at  Atmospheric  Pressure 

Oxidation  of  ammonia  (fig.  1-24)  is  done  in  contact  equipment 
1,  1.2  and  2.9  m  in  diameter.  Absorption  of  nitric  oxides  is  done 
in  6-8  paired  towers  made  of  chrome-nickel  steel  of  brand  Khl8N9T. 

In  the  production  of  45-49%  nitric  acid  and  degree  of  acid  absorption 

92%,  the  volume  of  the  tower  for  1  T/day  of  acid  (100%  HNO,)  is  20- 

3  ^ 

29  m  ,  including  the  product  of  the  system  of  alkali  trapping  of 

nitric  acid  from  the  exhaust  gases  (in  conversion  for  acid) .  The 

density  of  sprinkling  of  the  circulating  acid  in  the  first  two 

towers  (on  the  gas  course)  is  assumed  to  be  equal  to  10-12,  in  the 

third  and  fourth  8,  and  in  the  last  towers,  4-5  m  /(m  x  h) . 


The  systems  operate  at  rarefied,  or  more  often,  at  low  pressure. 
In  the  latter  case  ,  the  gas  blowers  which  are  installed  in  the 
beginning  of  the  system .create  gas  pressure  on  the  approximate  order 
of  1000-1200  mm  wat.  col.  The  reaction  heat  is  removed  by  water¬ 
cooling  of  the  acid  circulating  in  the  towers.  Shell-and-tube ,  or 
less  often,  sprinkling  coolers  are  used  for  this  purpose. 


Nitric  acids  are  trapped  from  the  nitrous  gases  by  solutions 
of  alkalis  in  the  system  consisting  of  one  oxidizing  (hollow)  and 
two  absorption  towers.  For  l^y  of  daily  output  (with  regard  for  the 
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product  of  alkali  absorption  in  conversion  for  100%  HNO,)  ,  the  oxi- 

3  J 

dizing  volume  is  assumed  to  be  equal  to  3.5  m  ,  and  the  absorption 
volume  5  m^ . 


The  system  is  distinguished  by  simnlicitv  of  the  equipment, 
its  simple  maintenance,  low  consumption  of  catalyst  and  electricity. 

The  shortcomings  of  the  system  include  :  large  capital  outlays  for 
construction,  mainly  as  a  consequence  of  a  considerable  consumption 
of  special  steels;  production  of  nitric  acid  of  reduced  concentration; 
impossibility  of  operating  the  system  until  it  is  completely  built 
(in  contrast  to  the  systems  that  are  built  on  the  aggregate  principle); 
need  to  build  a  section  for  alkali  trapping  of  the  nitric  oxides 
even  in  those  cases  where  it  is  not  advantageous  to  produce  technical- 
grade  nitrates  for  economic  considerations. 

In  addition ,  in  the  systems  operating  at  atmospheric  pressure , 
it  is  almost  impossible  to  reach  the  sanitary  standard  for  the 
nitric  acid  content  in  the  exhausts. 


Below  are  the  main  indicators  of  the  technological  regime: 


3 

Content  of  mechanical  admixtures  in  air,  mg/m  ,  not  more 
NHo  content  in  ammonia-air  mixture,  % 

Contact  temperature ,°C  ~ 

Intensity ,  kg  NH^  per  1  tn  of  active  surface  of 

catalyst  per  day 

Degree  of  ammonia  conversion,  % 

Temperature  of  nitrous  gases  at  inlet  to  absorption 
part  of  system, °C 

Pressure  of  nitrous  eases  at  inlet  to  absorption  part 
of  system,  mm  wat.  col. 

Temperature  of  acid  in  towers  ,'  °C 
Concentration  of  production  acid.% 

Content  in  exhaust  gases, % 
of  nitric  acids 
of  oxygen 

Composition  of  solutions  of  alkali  absorption  of 
nitric  oxides /  g/1 


3  +  NaHC03 


NaNOo 

NaNOo 

Na0Cu 


0.007 

10.5- 11.5 
about  800 

550-650 

96.5- 97.5 

45-55 

1000 

30-40 

45-49 


0.1-0.15 

4-5 


320-350 
to  50 
10-15 


The  consumption  coefficients  per  1  of  nitric  acid  are: 
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Ammonia  (100%  N^)  ,  kg  287-290 

Platinoid  catalyst  (irreversible  losses),  g  0.045-0.049 

Calcined  soda  (100%  Na^CO^)  ,  ke : 

in  production  of  sodium Jnitrate  only  77.0 

in  the  oroduction  of  sodium  nitrite  and 

sodium  nitrate  69.0 

Electricity  for  production  needs  ,  kW  x  h 

average  annual  consumption  115 

in  summer  3  125 

Water  for  cooling  ,  mJ 

average  annual  consumDtion  150 

in  simmer  190 


Main  Equipment* 

Scrubber  for  water  rinsing  of  air .  The  diameter  of  the  scrubber 
is  5.6  m,  height  9.5  m.  It  is  made  of  carbon  steel  and  is  covered 
on  the  inside  with  anticorrosion  composition.  The  scrubber  adapter 
is  ceramic  rings ,  50  x  50  x  3  or  80  x  80  x  8  mm  which  can  be 
loaded  by  heaping. 


Figure  1-25.  Filter  for  Purifying 
Gaseous  Ammonia 


Key: 


1. 

Housing 

4.  Coupling  for  draining 

2. 

Cells 

contaminants 

3. 

Windows 

5 .  Ammonia 

Here  and  in  the  description  of  other  svstems  brief  characteristics 
of  the  equipment  are  given  which  are  used  most  often  In  the  produc¬ 
tion  of  nitric  acid. 
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Linear  air  velocity  of  up  to  0.5  m/s  is  maintained  in  the 
scrubber.  The  density  of  sprinkline  with  water  is  4-5  mJ/h  per  1  m 
of  section. 

Cloth  filter  for  air  cleaning  consists  of  cells,  sleeves,  that 
are  assembled  into  sections  on  common  wooden  frames.  The  filtering 
material  is  coarse  wool  broadcloth  that  meets  the  requirements  of 
GOST  6621-53. 


The  cell- sleeve  dimensions  are: 
280  mm,  lower  200  mm,  length  2410  mm. 


diameter  of  the  upper  part 
The  surface  of  the  sleeve  is 


1.84  m  .  The  load  on  1  m^ 
80  n?/h  of  air. 


of  the  filtering  surface  is  equal  to  60- 


Cloth  filter  for  ammonia  purification  (fig.  1-25).  There  are 
15  sections,  cells  made  of  aluminum,  in  the  cylindrical  housing 
(made  of  carbon  steel)  1600  mm  in  diameter  and  2250  mm  in  height. 

Their  total  filtering 
The  load  of  the  gaseous  ammonia  is  60-80 


The  cells  are  covered  with  cotton  chamois. 

.3 


surface  equals  50  m 
m^/(m^  x  h) . 


Porolite  filter  for  purifying  the  ammonia- air  mixture  (fig. 
1-26) .  The  vertical  cylindrical  housing  of  the  filter  is  made  of 
aluminum.  Porous  ceramic  tubes  numbering  421 ,  586  or  1257  are 
attached  to  the  tubular  grid.  The  diameter  of  the  tubes  is  50/30  mm, 

and  length  is  760  mm.  Depending  on  the  purity  of  the  mixture ,  the 

2  3  2 

load  on  1  m  of  the  filtering  surface  is  from  60  to  110  m  /(m  x  h) 

of  mixture . 


Cardboard  filter  for  purifying  the  ammonia-air  mixture .  With¬ 
in  the  vertical  cylindrical  housing  of  the  filter  made  of  aluminum, 
less  often  of  stainless  steel ,  there  is  a  group  of  metal  rings  with 

disks  placed  on  them  made  of  filtering  cardboard  brand  FMP-1  and  VMK. 

o 

The  filtering  surface  of  the  cardboard  filter  is  50  m  and  more. 

The  contact  equipment  consists  of  two  truncated  cones  whose 
larger  bases  are  connected  by  a  cylindrical  part  made  of  stainless 
steel  (abroad  it  is  often  made  of  aluminum  alloy) .  The  lower  cone 
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Figure  1-26.  Porolite  Filter 
for  Purifying  Ammonia-Air 
Mixture 

Key: 

1 .  Porolite  tubes 

2.  Viewing  windows 

3.  Air 


Figure  1-27.  Contact  Eauio- 
ment  with  Two-Stage  Catalvst 
for  Ammonia  Oxidation 


Platinoid  catalyst 

erid 

Lining 

Metal  Raschig  rings 
Basket  with  non¬ 
platinum  catalyst 
Distributor  grid 
Cardboard  filter 
Air  mixture 
Nitrous  eases 


made  of  carbon  steel  is  lined  with  refractory  brick.  The  output  of 
the  contact  equipment  2000  mm  in  diameter  and  ~  5000  mm  high, 
calculating  for  nitric  acid,  is  27-35*^f/day ,  and  of  an  apoaratus 
1100  mm,  8-10^/day. 


Contact  equipment  with  two-staee  catalyst.  In  the  middle 
of  this  contact  equipment ,  between  the  cylindrical  part  and  the 
upper  cone,  a  platinum  grid  is  attached  with  the  help  of  rings.  A 
basket  made  of  heat-resistant  alloyed  steel  is  placed  under  it. 
Tablets  of  nonplatinum  catalyst  are  loaded  into  it.  The  bottom  of 


flumnn'tMHjB  Hn/i/t  5  Pan 


Figure  1-28.  Boiler-Recovery  Unit 
Key: 

1 .  Inout  chamber 

2.  Housing 

3.  Water  gage 

4.  Elector 

5.  Safety  valves 

6.  Piping  (water)  part 

7.  Outlet  chamber 

8.  Nitrous  gases 

9 .  Water 
10.  Steam 


the  basket  is  a  nichrome  grid  with  openings  less  than  4  mm.  Under 
the  grid,  there  are  erate  bars  which  are  placed  on  brick  arches.  In 
order  to  orevent  sagging  of  the  platinoid  erid  which  must  be 
arranged  at  a  definite  distance  from  the  nonplatinum  catalyst,  cross 
braces  made  of  nichrome  wire  are  stretched  under  the  grid. 

One  of  the  versions  of  contact  apparatus  with  two-stage  cata¬ 
lyst  is  presented  in  fig.  1-27. 


Figure  1-30.  Tower  of  Acid  Absorption 
Key: 

1.  Sprayer 

2.  Housing 

3.  Adapter- -Ceramic  rines 

4.  Supports  under  adapter 

5 .  Coupling  oipe  for  acid  overflow 

6.  Nitrous  gases 

7 .  Acid 


Gas  bubbling 


cooler  with  surface  80  m  ,  diameter  2.2  m  and 


height  3.16  m  is  made  of  stainless  steel.  There  are  five  sieve 


dates  with  openings  2  mm  in  diameter  operating  in  parallel  in  the 

80 


welded  housing.  Under  the  plates  there  are  false  bottoms  to  prevent 
liquid  from  falling  through.  The  removal  of  heat  is  done  by  water 
which  is  circulating  in  the  coils  (pipes  38  x  2.5  mm  in  diameter). 
The  surfaces  of  the  coils  are  established  from  a  calculation  of  1.1- 
1.25  per  1  Ji/day  of  100%  HNO^. 

Gas  tubular  cooler  is  a  vertical  shell-and-tube  apparatus  made 

of  stainless  steel.  The  main  dimensions  are:  surface  of  cooling 
2 

300  m  ,  diameter  1.3  m,  height  9.1  m.  There  are  367  tubes  installed 
with  diameter  of  44  x  2.5  mm. 

2  t 

About  7  m  of  cooling  surface  is  provided  for  1  pf  of  daily 
output  of  acid  (100%  HNOg) . 

The  boiler-recovery  unit  (fig.  1-28)  consists  of  two  gas 

chambers  and  a  middle  heat-exchange  part.  The  chambers  are  lined 

with  acid-resistant  brick.  The  boiler  housing  is  welded,  made  of 

carbon  sheet  steel  14  mm  thick.  The  heat-resistant  boiling  pipes 

(412)  44  x  3  mm  in  diameter  are  also  made  of  carbon  steel.  The 

thickness  of  the  pine  grids  is  30  mm.  The  heat  transmission  surface 
2 

is  330  m  .  Nitrous  ga? 3s  pass  on  the  pipes.  The  interpipe  space 
is  the  water  part  of  the boiler.  The  working  pressure  of  vapor  is 

10-12  atm  and  the  temperature  of  the  nitrous  gases  at  the  outlet 

from  the  boiler  must  not  be  lower  than  150-160 °C. 

The  acid  cooler  (fig.  1-29)  is  a  heat-exchange  apparatus  of 

2 

shell-and-tube  type  with  cooling  surface  50  m  .  The  diameter  of 
the  tubes  (57  of  them)  is  32  x  2.5  mm. 

Combined  ammonia-air  ventilator  combines  the  ammonia  and  air 

ventilators  that  are  installed  on  a  common  shaft.  The  output  of  the 

3  3 

ventilator  for  air  is  30,000  m  /h,  and  for  ammonia  4100  m  /h.  The 
pressure  eauals  700  mm  wat.  col.  Ventilators  with  output  of  27,500 
m  /h  for  ammonia-air  mixture  are  also  used.  The  rate  of  shaft  ro¬ 
tation  of  these  ventilators  is  2950  rpm.  The  total  drop  in  pressure 
equals  800  ram  wat.  col.  (p.  £9-  and  fig.  1-43). 
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Figure  1-31.  Tower  of  Alkaline  Absorotion  of 
Nitric  Oxides  (Placement  of  adapter  rines  ,  except 
for  upoer  layer,  is  in  regular  rows) 

Key: 

1.  Tower  housing 

2 .  Lining 

3 .  Cover 

4.  Metal  support  beams 

5 .  Spraying  devices 

6.  Solution  overflow 

7.  Exit  of  solution 

8 .  ^  Gas 

9 .  Raschig  rings  100  x  100  x  10  (regular  installation) 

10.  Ring  80  x  80  x  8  (heaped) 

11.  Rings  80  x  80  x  8  (regular  installation) 

12.  Rings  120  x  120  x  12 


The  tower  of  acid  absorption  is  designed  to  operate  at  rare¬ 
faction  up  to  500  mm  or  at  pressure  of  1000  mm  wat.  col.  It  is  made 
of  stainless  steel  (welded) .  Figure  1-30  presents  a  tower  9  m  in 
diameter  and  26  m  high. 

The  tower  of  alkali  absorption  is  made  of  carbon  or  stainless 
steel.  The  tower  made  of  carbon  steel  is  lined  with  acid-resistant 
materials.  The  tower  dimensions  are:  diameter  6-10  m,  height  19- 
26  m.  The  adapter  is  acid-resistant  ceramic  rings  150  x  150  mm  in 
size  (lower  layer  is  2-3  m  high)  .  100  x  100  (second  layer  is  14- 
18  m  high)  .  80  x  80  and  50  x  60  mm  (third  and  fourth  layers)  placed 
in  regular  rows.  Only  the  most  upper  layers  of  rings  are  loaded  in 
heaps. 


Figure  1-31  presents  a  tower  9.5  m  in  diameter  and  22  m  high 
(to  the  roof). 

Systems  Operating  under  Pressure  of  8-9  Atmospheres 

The  systems  that  operate  under  pressure  (fig.  1-32)  are  built 
on  the  aggregate  principle.  They  operate  on  atmospheric  air,  and  air 
that  is  enriched  with  oxygen.  Oxidation  of  ammonia  uses  contact 
equipment  310,  520  and  540  mm  in  diameter.  Absorption  of  nitric 
oxides  uses  columns  1.7  m  in  diameter  and  13  a  high  with  bubble-cap 
plates  (less  often  with  sieve-plates) . 

The  reaction  heat  is  removed  by  water  that  is  circulating  in 
the  coils  placed  between  the  bubble-cap  plates.  Additional  air  for 
oxidation  of  110  into  NO2  is  supplied  to  the  cooler-condenser ,  or  to 
the  lower  part  of  the  absorbing  column.  The  volume  of  the  column  is 
0. 5-0.6  m  per  1  T/day  of  nitric  acid.  The  power  used  for  compres¬ 
sion  of  the  gases  is  recuperatred  by  30-40%  in  the  turbine  that  sits 
on  the  common  shtft  with  the  air  compressor. 

Catalytic  breakdown  of  nitric  oxides  that  are  contained  in 
the  exhaust  gases  has  been  partially  introduced  in  recent  years  in 
these  systems. 


Figure  1-32.  Plan  for  Production  of  Diluted  Nitric  Acid  under 
Absolute  Pressure  of  8-9  Atmospheres 

Key: 


1. 

Turbocompressor 

2. 

Scrubber 

3. 

Cloth  air  filter 

4. 

Liquid  ammonia  evaporator 

5. 

Filter 

6. 

Mixer 

7. 

Contact  apparatus 

8. 

Boiler-recovery  unit 

9. 

Porolite  filter  for  air 

10. 

Air  heater 

11. 

Exhaust  gas  heater 

12. 

Filter  to  trap  platinoids 

from  gas  phase 

13. 

Cooler-condenser  of  nitrous  gases 

14. 

Separator 

15. 

Filter  to  trap  platinoids 

from  liquid  phase 

16. 

Absorption  column 

17. 

Water 

13. 

Exhaust  gases 

19. 

Air  from  atmosphere 

20. 

Liquid  ammonia 

21. 

Condensate 

22. 

Steam 

23. 

Air 

24. 

HNO^  to  whitening  column 
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The  systems  operating  under  pressure  are  characterized  by  lower 
capital  outlays  for  construction  as  compared  to  the  capital  invest¬ 
ments  to  the  systems  that  operate  at  atmospheric  pressure;  the 
possibility  of  obtaining  acid  with  less  than  56%  concentration;  and 
the  aggregate  principle  of  construction  which  is  especially  impor¬ 
tant  for  multiple-tonnage  production. 

Shortcomings  of  these  systems  are;  high  consumption  of  electri¬ 
city;  increased  outlays  of  ammonia  (degree  of  conversion  is  2-3% 
lower  than  in  systems  with  contact  assemblies  operating  at  atmo¬ 
spheric  pressure) ;  increased  shop  expenditures  for  maintenance  of 
the  unit,  and  losses  of  platinoid  catalyst  which  are  greater  (2.5-3- 
fold)  than  on  the  units  operating  at  atmospheric  pressure. 

Below  are  the  main  indicators  of  the  production  regime: 
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Content  of  mechanical  admixtures  in  the  air,  mg/m  ,  no  more  0.007 
Temperature  of  gaseous  ammonia  after  evaporator ,  °C  65  -  68 

Temperature  of  ammonia-air  mixture, °C 

with  the  use  of  atmospheric  air  200  -250 

with  the  use  of  air  enriched  with  oxygen  80  -  90 

NH3  content  in  ammonia-air  mixture,  volum.% 

with  the  use  of  atmospheric  air  10.5-11.5 

with  the  use  of  air  enriched  with  oxygen  11.5-12.5 

Intensity  of  catalyst ,  kg  NHo  per  1  g  of  platinoids  4-5 

Degree  of  ammonia  conversion, %  94-95 

Contact  temperature,  °C  880-900 

Temperature  of  nitrous  gases  after  exhaust  gas  heater. °C  300-320 
Pressure  (absolute)  at  end  of  absorption  system,  atm.  5. 5-6. 5 

HNCK  concentration  in  production  acid,%  56-58 

Temperature  (average)  of  acid  in  column,  °C  30-40 

Content  in  exhaust  gases,  volum.% 

of  nitric  oxide  0.15-0.25 

of  oxygen  2. 0-2. 5 


Consumption  coefficients  for  1  T  of  nitric  acid: 


Ammonia (100%  NH3)  ,  kg  292-295 

Electricity  forJproduction  needs,  kW  x  h  360-380 

Platinoid  catalyst  (irreversible  losses),  g  0.155-0.170 

Vater  for  cooling,  nr  110-130 

Steam,  €  0. 3-0.5 


Contact  apparatus  (fig.  1-33)  consists  of  two  main  parts: 
upper,  head  and  lower,  housing  (basins).  The  head  is  made  from 
chrome-nickel  steel  (less  often  from  nickel) ,  and  the  housing  is  made 


Figure  1-33.  Contact  Apparatus  Opera¬ 
ting  at  Absolute  Pressure  of  8-9  Atmo¬ 
spheres 


Key: 


1. 

2. 

3. 

A. 

5. 

6 . 

7. 

8. 
9. 


Head 

Hole  for  firing  grid 
Group  of  platinoid  grids 
Housing  (basin) 

Water  sleeve 

Trap  door  for  cleaning  sleeve 

Ammonia- air  mixture 

Water 

Nitrous  gases 


sheet  chrome  or  chrome-nickel  steel  12  mm  thick.  There  is  a  group 
of  platinoid  grids  on  the  grate  bars  between  the  head  and  the 
housing  on  a  lattice.  The  grate  bars  and  the  lattice  are  made  of 
chrome-nickel  alloy  (20%  Hi  and  80%  Gr) . 

There  is  a  water  sleeve  in  the  lower  part  of  the  housing  to 
protect  the  apparatus  from  burning  through.  The  output  of  the 
contact  apparatus  with  internal  diameter  of  500  mm  in  conversion  for 
nitric  acid  is  58-63^7/day. 


Figure 

Type) 

1-34.  Boiler-Recovery  Unit  (New 

Key: 

1. 

Lower  shell 

2. 

Pipe  still 

3. 

Coupling  for  blowing  through 
boiler  from  contaminants 

4. 

Coupling  for  water  supply  for 
cooling  boiler  head 

5. 

Outlet  of  nitrous  gases 

6. 

Inlet  of  nitrous  gases 

7. 

Coupling  for  supplying  conden¬ 
sate  for  feeding  the  boiler 

0. 

Manometer 

9. 

Safety  valve 

10. 

Upper  shell 

11. 

Water  gage 

12. 

Steam 

Boiler  ■‘recovery  units .  The  boiler- recovery  unit  presented 
in  fig.  1-34  has  been  utilized  in  recent  years.  The  boiler  consists 
of  two  shells  horizontally  arranged  on  each  other.  Within  the  lower 
shell  (590  mm  in  diameter.  2200  mm  long)  there  is  a  two-way  pipe  still 
made  of  U-shaped  pipes.  The  upper  shell  which  is  the  separator- 
steam-collector,  is  made  of  seamless  steel  pipe  495  mm  in  diameter. 
Pressure  to  14  atm.  is  maintained  in  the  boiler. 


In  addition,  boiler-recovery  units  of  another  type  are  in 

operation  (fig.  1-35).  The  housing  of  this  boiler  has  bent  pipes 

57  mm  in  diameter.  The  boiler  is  made  of  carbon  sheet  steel  15  mm 

2 

thick.  The  heating  surface  of  the  boiler  equals  18.5  m  and  the 
output  is  2*Jyh.  Pressure  to  12  atm.  is  maintained  in  the  boiler. 

Exhaust  gas  heater  (fig.  1-36)  is  a  vertical  heat  exchanger 
made  of  chrome-nickel  steel.  The  heater  shell  has  a  pipe  still  3  m 
long  that  consists  of  37  pipes  21/25  mm  in  diameter.  The  pipes  are 
rolled  in  thick-walled  pipe  boards.  There  is  a  compensator  in  the 
upper  part  of  the  heater. 

Cooler- condenser  (fig.  1-37).  In  the  housing-container  made 
of  carbon  steel  7  m  long  and  0.8m  wide  and  2.7m  high  there  are 
coils  made  of  stainless  steel  (pipes  57  mm  in  diameter).  The 
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Figure  1-35.  Boiler- Recovery  Unit  (Old  Type) 

Key : 

1 .  Boiler  housing 

2 .  Heating  pipes 

3.  Pipe  to  feed  steam  during  warm-up  of  boiler 

4 .  In.i  ector 

5 .  Manometer 

6.  Safety  valves 

7 .  Dehumidifier 

8.  Nitrous  gases 

9.  Steam  input 

10.  Water  input 

11.  Steam 


Figure  1-36.  Exhaust  Gas  Heater 

Key:l.  Shell 

2.  Pipe  still 

3.  Rear  pipe  board 

4.  Compensator 

5.  Coupling  for  outlet  of  nitrous  gases 

6.  Coupling  for  inlet  of  exhaust  gases 

7.  Front  cover  of  shell 

8.  Coupling  for  inlet  of  nitrous  gases 

9.  Front  pipe  board 

10.  Coupling  for  outlet  of  exhaust  gases 


Figure  1-37.  Cooler-Condenser  of  Sub¬ 
mersible  Type 

Key: 

1.  Coils 

2.  Shell 

3.  Coupling  for  water  drainage  and  silt  discharge 

4 .  Water 

5.  Nitrous  gases 

container  is  covered  on  the  inside  with  acid-resistant  varnish. 

Absorption  column.  One  of  the  column  designs  is  shown  in  fig. 
1-38.  The  column  housing  often  consists  of  four  sheet-steel  cyclin- 
ders  with  flanges  that  are  tightened  by  bolts.  The  height  of  the 
sheet-steel  cylinder  is  3  m,  the  inner  diameter  is  1.68  m.  The 
total  height  of  the  column  is  13  m,  and  its  full  volume  is  about 

3 

30  m  .  The  column  has  38  plates  that  are  located  a  distance  of  300 
mm  from  each  other.  Each  plate  has  37  bubbling  caps  with  cuts  in  the 
lower  part  and  connecting  pipes  for  overflow  of  the  liquid  to  the 
lower  plate.  The  gas  velocity  in  the  free  column  section  equals  0.2- 
0. 3  m/s. 

Acid  enters  the  7th-8th  plate  (below)  from  the  cooler-condenser. 
The  nitrous  gases  are  sent  to  the  first  plate  of  the  column.  The 
acid  exits  through  the  coupling  located  in  the  lower  part  of  the 
column.  The  reaction  heat  is  removed  by  water  through  the  coils 
made  of  pipes  25  mm  in  diameter.  The  total  surface  cooled  in  the 
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Figure  1-38.  Absorption  Column 

Key:  1.  Sheet-steel  cylinders 

2.  Plates 

3.  Bubbling  caps 

4.  Hole  for  gas  passage 

5.  Overflow  pipes 

6.  Rod  for  plate  attachment 

7.  Input  of  cooling  water 

8.  Output  of  cooling  water 

9.  Input  of  separator  acid 

10.  Coupling  for  removal  of  acid  sample 

11.  Cooling  coils 

12.  Exhaust  gases 

13.  Nitrous  gases 

14.  Acid 

15.  Air  input 
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column  is  about  60  m  . 


Industry  also  uses  other  types  of  columns  that  operate  under 
pressure  of  8-9  atmospheres.  They  are  mainly  distinguished  by  the 
design  of  the  caps,  their  number  and  attachment  to  the  plates. 


The  most  important  feature  of  the  system  for  nitric  acid 
production  under  absolute  pressure  of  7.3  atmospheres*  is  the 
presence  of  a  gas-turbine  drive.  In  such  systems,  (fig.  1-39),  the 
air  after  purification  from  mechanical  admixtures  is  compressed  in 
the  compressor  of  the  gas-turbine  unit  to  3.5  atmospheres,  and  after 
cooling,  is  additionally  compressed  in  a  centrifugal  supercharger 
to  7.3  atm.  The  air  heated  in  compression  is  additionally  heated 
by  nitrous  gases  to  270°C  and  is  sent  to  the  combined  unit  that  con¬ 
sists  of  a  mixer  and  porolite  filter.  At  the  same  time,  gaseous 
ammonia  enters  the  mixer  after  purification  and  warming.  The 
ammonia-air  mixture  that  is  formed  is  purified  in  a  porolite  filter 
from  residual  mechanical  admixtures  and  enters  the  contact  apparatus. 

The  nitrous  gases  from  the  contact  apparatus  successively  pass 
through  the  boiler-recovery  unit ,  oxidizer ,  air-heater  and  cooler- 
condenser.  The  oxidized,  cooled  and  considerably  dried  nitrous 
gases  are  sent  through  the  separator  to  the  lower  part  of  the  absorp¬ 
tion  column. 

Nitric  acid  that  is  formed  in  the  cooler-condenser ,  after 
separation  of  the  nitrous  gases  from  it  by  gravity  flow,  enters  the 
plates  of  the  column  where  there  is  acid  of  the  same  concentration. 
The  production  nitric  acid  at  the  outlet  from  the  column  is  blown 
through  with  hot  air  from  the  dissolved  nitric  oxides  and  is  sent  to 
a  storehouse. 

The  gases  emerging  from  the  absorption  column ,  passing  the 
separator  for  separation  of  the  acid  spray ,  enter  the  assembly  of 
catalytic  cleansing  from  nitric  oxides  that  are  reduced  to  elemen¬ 
tary  nitrogen  here.  The  gas-reducer  is  products  of  methane-hydrogen 
oxidation  and  carbon  monoxide.  The  ratio  of  methane  and  oxygen  in 
the  gas  is  kept  in  limits  of  0.6-0.65.  Palladized  aluminum  oxide 
is  used  as  the  catalyst. 

Before  catalytic  purification,  the  exhaust  gases  are  heated 

* 

The  absolute  pressure  is  given  here  and  further. 


Figure  1-39.  Plan  for  Production  of  Diluted 
Nitric  Acid  under  Absolute  Pressure  of  7.3  Atm. 

Key: 

1.  Apparatus  for  air  purification 

2.  Gas-turbine  aggregate  GTT 

a.  Compressor 

b .  Supercharger 

c .  Gas  turbine 

d.  Air  cooler 

e.  Engine-generator 

f.  Start-up  combustion  chamber 

3.  Exhaust  gas  heater 

4.  Water  economizer  of  boiler 

5.  Chamber  of  water  preparation 

6.  Reactor  of  catalytic  purification 

7.  Air  heater 

8.  Cooler-condenser 

9.  Acid  separator 

10.  Ammonia  evaporator 

11.  Ammonia  heater 

12.  Combined  apparatus  (mixer  and  porolite  filter) 

13.  Boiler-recovery  unit 

14.  Contact  apparatus 

15.  Oxidizer 

16.  Whitening  (blow- through)  column 

17.  Absorption  column 

18.  Separator 
Designations : 

VZ.  Air 

NG.  Nitrous  gases 
OG.  Exhaust  gases 
AK.  Nitric  acid 
ZA.  Liauid  ammonia 
GA.  Gaseous  ammonia 
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[continuation  of  key] 

ABC.  Ammonia-air  mixture 
T.  Fuel  eas 

PJT.V  Feed  water  for  boiler 
P.  Steam 
K.  Condensate 
OB.  Cooling  water 
19.  To  exhaust  pine 

by  natural  gas  combustion  products  (furnace  gases)  to  the  temoerature 
necessary  for  igniting  the  gas -reducer  in  the  presence  of  the  catalyst. 

The  mixture  of  gases  (exhaust,  furnace,  natural)  is  sent  to  the 
reactor  where  reduction  of  nitric  oxides  occurs  with  an  increase  in 
temperature  to  730°C.  After  the  reactor,  the  purified  gases  are 
mixed  with  air  and  the  furnace  gases  of  the  combustion  chamber  of 
the  gas-turbine  unit.  This  gas  mixture  enters  the  gas  turbine  at  a 
temperature  of  700°C  under  pressure  of  5.4-5. 7  atm.  Here  the  gases 
are  expanded  to  pressure  of  1.06  atm.  Their  temperature  is  reduced 
to  400°C.  In  this  case,  electricitv  is  generated  in  the  gas-turbine 
unit  which  is  needed  to  compress  the  air  to  7.3  atm. 

The  purified  exhaust  gases  are  sent  from  the  gas  turbine  to 
the  boiler-recovery  unit  with  economizer  where  the  heat  of  these 
gases  is  used  to  generate  steam  at  pressure  of  13  atm.  The  exhaust 
gases  from  the  economizer  at  temperature  about  180 °C  and  gage  pres¬ 
sure  of  120  mm  wat.  col.  are  sent  into  the  atmosphere  through  a  high 
pipe. 

The  gas-turbine  unit  is  automated.  It  is  started  up  bv  remote 
control  from  the  machine  room.  Devices  and  instruments  are  provi¬ 
ded  for  which  make  it  possible  to  synchronize  the  course  of  the 
processes  in  the  gas-turbine  unit  and  in  the  sections  for  the  produc¬ 
tion  of  nitric  acid.  Because  there  is  a  gas-turbine  unit  in  the 
systems  operating  under  pressure  of  7.3  atm.,  the  outlavs  of  electri¬ 
city  for  the  production  of  nitric  acid  are  completely  compensated 
for.  The  energy  surplus  is  used  in  the  general  plant  network.  These 
systems  are  also  distinguished  by  a  high  degree  of  neutralization  of 
the  exhaust  gases  by  catalytic  breakdown  of  the  nitric  oxides  they 


contain;  increased  concentration  of  production  nitric  acid;  high 
level  of  automation  of  all  processes;  lower  capital  investments  for 
construction,  and  2. 5- 3- fold  greater  output  of  the  units  as  compared 
to  the  combined  system  (absorption  under  pressure  of  3.5  atm.). 

The  shortcomings  of  the  described  system  include:  increased 
specific  consumption  of  ammonia  and  platinoid  catalyst;  need  to  use 
natural  or  another  fuel  eas  which  does  not  allow  us  to  consider  the 
system  universal  for  all  areas  of  nitric  acid  production. 

Below  are  the  main  indicators  of  the  production  regime: 


Content 


of  mechanical  admixtures  in  air,  mg/mJ,  not  more 

0.007 

of  ammonia  in  ammonia-air  mixture ,  volum.  1 

10 

Pressure  (absolute)  of  air  at  outlet,  atm. 

from  compressor 

3.53 

from  supercharger 

7.3 

Air  temperature  at  outlet.°C 

from  compressor 

to  130 

from  supercharger 

125-135 

from  air  cooler 

42 

from  heater 

to  270 

Temperature ,°C 

of  ammonia-air  mixture 

220 

of  contact 

890-900 

Temperature  of  nitrous  gases  °C 

at  outlet  from  boiler-recovery  unit 

230 

the  same  of  oxidizer 

to  310 

the  same  from  absorption  column 

40 

Pressure  (absolute)  atm. 

of  steam  at  outlet,  from  boiler-recovery  unit 

13 

of  gases  at  inlet  to  gas  turbine 

to  5.7 

Concentration  of  nroduction  acid,* 

56-58 

Content  in  exhaust  gases,  volum. 1 

of  nitric  oxides 

0.005-0.03 

of  oxvgen 

to  3 

“£> 

Approximate  consumption  coefficients  per  1  Jf  of  nitric 

acid: 

Ammonia  (100*  NHo) ,  kg 

290 

Platinoid  catalyst ,  g 

0.159 

Palladized  catalyst, 

0.05 

Water  for  cooling  nr 

average  annual  consumption 

151 

in  summer  » 

170 

Natural  gas  for  catalytic  purification ,  nr 

135 
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The  waste  that  is  obtained  is  1-2  T  of  steam  (13  atm.  1  per  1  T 
of  acid. 


Basic  Equipment 

Apparatus  for  air  purification .  The  apparatus  of  similar 
desien  is  denicted  in  fig.  I-Al  .  The  diameter  of  the  unper  part 
(water  washer  is  A  m,  the  diameter  of  the  sleeve  filter  is  9.1  m. 
Three  heatine  elements  are  installed  to  dry  the  cloth  sleeves  when 
they  are  moistened  on  the  air  intake  apparatus. 

Air  heater  is  a  she 11- and- tube  heat  exchanger  with  U-shaped 

pipes  25  nm  in  diameter  The  total  heat-exhange  surface  of  the 
2 

heater  is  617  m  .  The  air  passes  on  nipes. 

Combined  apparatus .  mixer  and  porolite  filter  are  united  in 
design  in  a  common  housing.  Ammonia  passes  on  the  mixer  nines.  At 
tha  outlet  from  the  pipes  ,it  is  mixed  with  air  that  is  fed  into  the 
interpipe  space  and  emerges  through  the  holes  in  the  pipe  lattice. 
The  forming  ammonia-air  mixture  enters  the  porolite  filter  that  is 
located  in  the  upper  part  of  the  apparatus.  The  total  height  of 
the  combined  apparatus  is  6.A6  m. 

Contact  apparatus .  The  diameter  of  the  cylindrical  part  of 
the  apparatus  is  2.2m.  Twelve  platinoid  grids  1600  mm  in  diameter 
are  clamped  in  a  special  holder  that  is  placed  on  the  lattice  which 
rests  on  metal  beams.  A  layer  of  ceramic  rings  serving  to  stabilize 
the  heat  regime  on  the  catalyst  grids  and  for  partial  trapping  of 
platinoid  dust  is  placed  in  regular  rows  under  them  on  the  grid 
bar  lattice.  The  grid  bar  lattice  rests  on  the  arches  made  of 
refractory  brick. 

The  ammonia-air  mixture  enters  the  apparatus  from  the  side , 
passes  on  the  guide  walls  to  the  upper  part  of  the  apparatus ,  and 
from  here  enters  for  contact. 

The  oxidizer  is  a  cylindrical  apparatus  2.8  or  3.2  m  in  dia¬ 
meter  and  about  10  m  high.  In  the  upper  part  of  the  oxidizer  there 
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is  a  filter  for  trapping  the  platinoid  dust  from  the  hot  nitrous 

2 

gases.  The  surface  of  the  filter  is  about  9  m  .  The  housing  of  the 
oxidizer  is  covered  with  insulation  on  the  outside  to  reduce  the 
losses  of  heat  into  the  environment. 

Submersible  cooler- condenser  consists  of  four  coolers ,  each  of 

which  has  14  rows  of  coils.  The  heat-exchange  surface  of  one  cooler 
o 

is  237  m  .  The  design  of  the  cooler-condenser  is  similar  to  that 

e  (jP. 

depicted  in  fig.  1-3 1/T  The  possibility  of  using  a  shell-and-tube 
heat  exchanger  is  also  provided  instead  of  it. 

The  absorption  column .  45.3  m  high  and  3.2  m  in  diameter  is 
separated  into  two  parts.  The  lower  part  which  has  3  sieve  plates 
serves  as  the  preliminary  oxidizing  vessel.  The  upper  part  which 
consists  of  47  plates  is  designed  for  simultaneous  oxidation  and 
absorption  of  the  nitric  oxides.  A  small  quantity  of  acid  for 
creation  of  a  foam  regime  of  absorption  on  the  plates  is  fed  to  the 
upper  plate  of  the  oxidizing  part  of  the  colum  from  its  absorption 
part.  Cooled  vapor  condensate  is  supplied  to  sprinkle  the  column. 

2 

Water  coils  with  cooling  surface  of  about  700  m  are  arranged 
on  the  plates.  A  large  part  of  the  finished  acid  is  removed  from 
the  column  from  the  fourth  plate,  and  a  smaller  part  from  the  cube. 
The  temperature  of  the  nitrous  gases  at  the  column  inlet  is  79°C, 
and  40°C  at  the  outlet.  .The  specific  absorption  volume  of  the 
column  is  roughly  1  m^/ofr  x  day)  of  100%  HNO^. 

The  reactor  of  catalytic  gas  purification  operates  under 
pressure  of  6  atm.  The  height  of  the  apparatus  is  about  7  m,  the 
diameter  is  3.8  m.  The  tablets  of  palladized  catalyst  are  placed  on 
the  floors. 


The  gas-turbine  aggregate  GTT-3  consists  of  an  axial  compressor, 
centrifugal  supercharger,  gas  turbine,  intermediate  air-cooler,  re¬ 
ducer  and  combustion  chamber.  The  aggregate  includes  an  engine- 
generator  type  ATMF  with  output  of  850  kW  that  is  connected  through 
the  reducer  to  the  gas  turbine  and  is  designed  to  start  up  the  tur¬ 
bine  and  feed  surplus  power  into  the  circuit. 
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The  gas  curbine  and  compressor  are  mounted  in  one  housing 
and  are  seated  on  a  common  shaft.  The  rotor  rotation  is  5100  rptn. 

The  compressor  has  16  stages  of  compression  and  the  gas  turbine  has 
7  stages  of  expansion.  The  one-cylinder  separator  supercharger  has 
2  stages  of  compression.  The  combustion  chamber  operates  only  when 
the  unit  has  been  started  up. 

When  the  technological  load  is  completely  disconnected ,  the 
gas  turbine  can  be  put  on  an  energy  operating  regime. 

Combined  System  with  Pressure  of  3 . 5  Atmospheres  in  the  Absorption 
Part 

The  systems  that  operate  by  the  combined  method  (fig.  1-40)* 
under  pressure  of  3.5  atm.  at  the  stage  of  nitric  oxide  absorption, 
are  built  on  the  aggregate  principle.  Ammonia  is  oxidized  at  atmo¬ 
spheric  pressure  in  contact  apparatus  which  is  combined  with  a 
cardboard  filter  and  boiler-recovery  unit.  The  nitric  oxides  are 
absorbed  in  the  column  with  sieve-plates  that  operate  on  a  highly 
productive  foam  regime.  The  reaction  heat  is  removed  by  water,  and 
in  individual  cases  ,  by  cooling  liquor  that  circulates  in  the  coils 
laid  in  the  form  of  packets  on  a  certain  part  of  the  platas .  The 
specific  absorption  volume  of  this  column  is  2. 3-2.5  m^/(J^  x  day)  of 
100%  HNO^.  Nitrous  gases  are  compressed  in  the  compressors  which 
are  equipped  with  a  recuperation  turbine.  The  nitric  acid  content 
in  the  exhaust  gases  is  0.11-0.16%  in  the  winter  and  somewhat  higher 
in  the  summer. 

The  system  is  characterized  by  roughly  40%  lower  capital  invest¬ 
ments  for  construct ion (on  the  whole  for  installation)  as  compared 
to  the  system  that  operates  at  atmospheric  pressure ,  the  use  of 
columns  with  sieve-plates  ,  comparatively  low  consumption  of  ammonia 
and  platinoid  catalyst ,  improved  apparatus  ,  in  particular  ,  for  puri¬ 
fication  of  the  air  and  ammonia  of  admixtures  ,  use  of  ammonia  oxi¬ 
dation  heat  to  produce  superheated  steam  (pressure  to  40  atm.  , 
i 

For  the  flowsheet  of  automatic  regulation  of  the  system  see  p. 
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temperature  to  450°C)  ,  and  the  use  of  the  heat  of  oxidation  of  NO 
into  NO2. 

Shortcomings  of  the  system  are:  increased  specific  consump¬ 
tion  of  electricity;  need  to  compress  the  nitrous  gases  into  expen¬ 
sive  turbocompressor;  high  capital  outlays  for  construction  of 
sections  to  convert  ammonia;  difficulties  in  creating  apparatus  of 
high  productivity  and  aggregates  with  output  over  50  ,000  5^  per  year. 

Below  are  the  main  indicators  for  the  production  regime: 


Content  „ 

of  mechanical  admixtures  in  air,  mg /nr  ,  no  more 
of  ammonia  in  ammonia-air  mixture,  vol.% 

Pressure  of  ammonia-air  mixture  after  ventilator, 
mm  wat.  col. 

Temperature  ,°C 

of  ammonia- air  mixture 
of  contact 

Rarefaction  on  catalyzer  grids  of  contact  apparatus  , 
mm  wat.  col. 

Temperature  of  nitrous  gases  ,  °C 
at  inlet  to  boiler- recovery  unit 
at  outlet  from  boiler-recovery  unit 
Pressure  (absolute)  of  superheated  steam  obtained  in 
boiler-recovery  unit ,  atm. 

Temperature  of  steam  emerging  from  boiler-recovery 
unit  ,°C 

Temperature  of  nitrous  gases  at  outlet,  °C 
from  warmed  ammonia-air  mixture 
from  gas  cooler-washers 

Temperature  of  acid  at  outlet  from  gas  cooler-washers 
Concentration  of  acid  at  outlet  from  gas  cooler-washers  ,1 
Temperature  of  nitrous  gases  at  outlet, °C 
from  turbocompressor 
from  oxidizer 

from  heaters  of  exhaust  gases 
Rarefaction  of  nitrous  gases  at  outlet  to  turbocom¬ 
pressor  ,  mm  Hg 

Pressure  (absolute)  of  nitrous  gases  at  outlet  from 
turbocompressor,  atm. 

Temperature  of  exhaust  gases  at  inlet ,  °C 
to  preheater 
to  recuperation  turbine 
Pressure  (absolute)  of  exhaust  gases,  atm. 
at  outlet  from  absorption  column 
at  inlet  to  recuperation  turbine 
Concentration  of  production  acid  ,7, 

Content  in  exhaust  gases  ,  vol . Z 
of  nitric  oxides 
of  oxygen 


0.007 

10.5-11.5 


400-650 

65-75 

800-820 

to  10 

■'■'800 

160-180 

to  40 

to  450 

100-110 

35-40 

40-45 

10-20 

120-130 

200-220 

90-100 

550-650 


3. 6-3. 8 


35 

170-180 

3. 0-3. 2 
2. 9-3.1 
47-49 
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0.11-0.16 
to  3 


Consumption 

Consumption  coefficients  per  1  T  of  nitric  acid: 


Ammonia  (100%  NHo) ,  kg  287-290 

Platinoid  catalyst  (irreversible  losses),  g  ..  0.045-0.049 

Chemically  purified  water  and  condensate  of  steam ,nr  2.1 

Water  for  cooling,  m3  180-200 

Electricity  for  production  needs  ,  kW  x  h  230-260 


Basic  Equipment 

Apparatus  for  purification  of  air  from  mechanical  admixtures 

(fig.  1-41) .  The  housing  is  made  of  aluminum.  Within  the  apparatus 

there  are  three  sieve  plates  of  the  distillation  type  (discharge 

2 

section  of  the  sieve  plate  is  0.9  m  )  and  sleeve  cloth  filter.  The 

3 

quantity  of  air  that  passes  through  the  apparatus  is  17  ,000  m  /h. 

3 

The  consumption  of  water  for  washing  air  is  80  m  /h.  The  air  velocity 

in  the  washing  section  of  the  apparatus  is  0.7  m/s.  The  filtering 

material  in  the  sleeve  filter  is  coarse  wool  broadcloth.  The  surface 

2 

of  the  filtering  material  is  220  m  .  In  order  to  slow  down  the  water 
droplets  that  are  carried  away  by  the  air ,  a  layer  of  ceramic  rings 
25  x  25  x  4  mm  in  size  is  laid  in  the  apparatus. 

Mixer  of  ammonia  and  air  (fig.  1-42)  is  made  of  aluminum.  It 
is  1480  mm  long  with  diameter  of  820  mm.  Within  the  mixer  there  is 
a  vortex  generator  and  121  aluminum  pipes  22  x  2  mm  in  diameter. 

3 

Ammonia- air  ventilator  (fig.  1-43)  with  output  of  27,500  m  /h 
is  designed  to  feed  an  ammonia-air  mixture  into  the  system  with 
assigned  ammonia  concentration. 

Cloth  filter  for  cleaning  the  ammonia  is  shown  in  fig.  1-25. 

The  ammonia- air  mixture  heater  is  made  of  stainless  steel.  It 

is  a  vertical  shell- and- tube  apparatus  1120  mm  in  diameter  and  5150 

mm  high.  The  diameter  of  the  tubes  is  32  x  2.5  mm.  The  heat  trans- 

2 

mission  surface  is  140  m  .  The  mixture  of  air  and  ammonia  passes  on 
tubes  while  the  nitrous  gases  pass  in  the  intertube  space. 

Combined  contact  apparatus  (fig.  1-44)  consists  of  a  cardboard 
filter  and  the  contact  apparatus  proper.  It  is  located  directly 
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Figure  1-42.  Mixer  of  Air  and 
Ammonia 

Key: 

1 .  Aluminum  pipes 

2.  Housing 

3.  Vortex  generator 

4.  Ammonia-air  mixture 

5.  Air 

6 .  Ammonia 


Figure  1-41.  Apparatus  for  Puri¬ 
fying  Air  of  Mechanical  Admixtures 

Key : 

1.  Cloth  sleeves 

2.  Main  manhole 

3.  Manholes 

4.  Sieve-plates 

5.  Entrainment  layer  of  rings 

6 .  Spraying  device 

7.  Drainage  connection  pipe 

8.  Water 

9.  Air 

10.  Purified  air 


f  UtmmmH* 


on  the  direct-flow  steam  boiler-recovery  unit. 


The  cardboard  filter  is  installed  on  the  upper  cone  of  the 
contact  apparatus  and  consists  of  five  filtering  blocks.  Each  block 
is  assembled  from  56  cardboard  discs  (FMP-1  or  VMK  brand  cardboard 
0.9-1.25  mm  thick)  with  rigid  metal  framework.  The  filtering  blocks 
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are  in  an  aluminum  housing  3020  mm  in  diameter  and  1528  tnm  high. 

2 

The  surface  of  one  block  is  24  m  .  Passing  through  the  blocks  ,  the 
ammonia-air  mixture  enters  at  a  temperature  to  70°C  through  the 
inner  cylinder  to  the  upper  cone  of  the  contact  apparatus. 

The  contact  apparatus  proper  consists  of  two  truncated  cones 
and  a  cylindrical  part.  At  the  site  of  transition  of  the  upper  cone 
into  the  cylindrical  part ,  there  is  a  lattice  that  creates  a  uniform 
stream  of  gas  mixture  to  the  catalyst.  Three  platinoid  grids  are 
attached  on  rings  between  the  cylindrical  part  and  the  lower  cone  of 
the  apparatus.  The  lower  cone  which  is  lined  with  refractory  brick 
is  equipped  with  a  lattice  on  which  there  is  a  layer  (250  mm  high)  of 
rings  made  of  stainless  steel  32  x  32  x  1  mm  in  diameter.  There  are 
hermetically  sealed  holes  for  firing  the  contact  apparatus  ,  observing 
the  condition  of  the  grids  and  measuring  the  temperature  in  the 
apparatus . 

Direct-flow  boiler-recovery  unit  (fig.  1-45)  .  5750  mm  high  has 
.  * - 

a  heat  transmission  surface  of  366  m  .  The  output  of  the  boiler  of 

steam  with  pressure  40  atmospheres  is  up  to  2.8  T/h. 

The  gas  cooler-washer  (fig.  1-46)  consists  of  three  sieve-plates 

that  are  contained  in  a  housing  2800  mm  in  diameter  and  5470  mm  high. 

There  are  cooling  coils  (tubes  38  mm  in  diameter)  with  total  surface 
2 

of  110  m  on  the  plates  for  removal  of  the  reaction  heat. 

Absorption  column  (fig.  1-47)  3000-3200  mm  in  diameter  and 
46.8  m  high  has  40  sieve-plates  with  holes  2  mm, and  9  mm  spacing 
between  them.  The  total  weight  of  the  column  is  58  T.  The  plates 
are  arranged  at  a  distance  of  1200  and  1000  ram  from  each  other  along 
the  height  of  the  column.  The  permissible  velocity  of  nitrous  gases 
in  the  free  section  of  the  column  is  0.3-0. 4  m/s.  In  order  to  drain 

the  liquid  from  plate  to  plate  ,  each  of  them  has  two  overflow 

pipes  57  am  in  diameter.  Their  ends  are  lowered  into  the  receiving 
vessel  (recess)  of  the  lower  plate.  The  liquid  passes  from  the 
vessel  on  the  plate  to  the  overflow  pipe  that  is  located  on  the 
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opposite  side  from  the  liquid  entrance. 

In  order  to  remove  the  heat  of  reactions  that  occur  in  the 

column ,  cooling  coils  are  placed  on  the  plates.  They  are  made  of 

2 

pipes  38  x  2.15  mm  in  diameter  with  total  surface  of  500  m  .  The 
cooling  coils  are  distributed  according  to  the  height  of  the  column 
in  the  following  order: 

No.  of  plate  (counting 

from  below)  9-11  12-21  22-25  26-27  28-29  30-4 

Number  of  coil  rows  42  31i5  2i  ii  55  -  it  - 

Cooling  surface  ,  m 

The  oxidizer  (fig.  1-48)  is  a  stout  cylindrical  apparatus  made 

3 

of  stainless  steel  with  volume  about  50  m  .  It  is  designed  to 
oxidize  NO  into  NO2  with  the  oxygen  of  the  nitrous  gases. 


Figure 

Key: 

1. 
II. 

III. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 


1-43.  Ammonia-Air  Ventilator  (Combined) 


Electric  engine 
Air  ventilator 
Ammonia  ventilator 
Absorption  connection  pipes 
Rotors 

Supercharger  connection  pipes 

Connections 

Ventilator  housing 

Foundations 

Shaft 

Bearings 

Air 

Ammonia 
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2U3M 

Figure  1-44.  Combined  Contact  Apparatus 
for  Ammonia  Oxidation 

Key: 

1.  Blocks  of  cardboard  filter 

2.  Distributor  lattice 

3.  Platinoid  catalyst 

4.  Metal  P.aschie  rings 

5 .  Lining 

6 .  Viewing  window 

7 .  Safety  valves 

8.  Nitrous  gases 

9.  Ammonia-air  mixture 

Exhaust  gas  heater  (fig.  1-49)  is  also  made  of  stainless  steel. 

The  blow- through  column  (fig.  1-50)  of  the  bubbling  type  with 
3-4  bubble-cap  plates  used  to  blow  off  the  nitric  oxides  dissolved 
in  the  nitric  acid  often  has  a  diameter  of  800  and  1500  mm  and  height 
of  2445  and  2750  mm. 


The  characteristics  of  the  compressor  (supercharger)  are  given 
on  p.  33^* 

*This  pertains  to  the  Russian  page  number. 
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Figure  1-45.  Direct-flow 
Boiler-Recovery  Unit 

Key: 

1.  Block  of  steam-heater 

2.  Boiler  block 

3.  Block  of  economizer  II 

4.  Block  of  economizer  I 

5.  Nitrous  gases 

6.  Steam  from  steam-heater 

7.  Steam  to  steam-heater 

8.  Steam 

9.  Feed  water 


Figure  1-46 
Key: 


Gas  Cooler-Washer 


Cooling  block  of  coils 
Sieve-plate 
Overflow  pipes 
Manhole 

Splash-catching  deflec¬ 
tors 
Gases 

Acid  input 

Water 

Acid 


The  specific  loads  on  the  main  apparatus  are: 

Apparatus  Loads 

3  2 

Filtering,  m  /(m  x  h)  surfaces 

apparatus  for  cleaning  air  of  mechanical  admix¬ 
tures  (cloth  filter)  60-80 

filter  for  ammonia  purification  60-80 

filter  (cardboard)  for  purifying  ammonia-air  mix¬ 
ture  of  mechanical  admixtures  60-90 

Contact  apparatus  (intensity  of  platinoid  catalyst, 
kg/(mz  x  ciay)  2  550-650 

Heat  exchange  m  /(T  x  day) 

ammonia-air  mixture  heater  1.0-1.15 

steam  boiler-recovery  unit  6. 0-7.0 

gas  cooler -washer  1.6 -1.3 

exhaust  gas  heater  2. 8-3. 2 

cooling  coils  of  absorption  column  3. 6-4.0 


w* 


mm* 


Figure  1-47.  Absorption  Column  with  Sieve  Plates 
Key: 


1. 

Cooling  coil 

7. 

Bands 

2. 

Sieve-plate 

8. 

Sieve-plate 

3. 

Overflow  pipes  (connections) 

9. 

Bands 

4. 

Manhole 

10. 

Gasket  made  of  polytetra 

5. 

6. 

Viewing  glass 

Wall  of  column  housing 

fluoroethylene 
[continued  on  next  page] 
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[continuation  of  key] 


Preliminary  standards  of  product  output  (in  fractions  of  a  unit): 

Output  for  ammonia  when  it  is  converted  into  nitric  oxide  0.97-0.975 
Output  for  nitric  oxides  when  processed  into  nitric  acid  0.985 

Total  output  for  production  without  regard  for  mechani¬ 
cal  losses  (random  leaks  of  gas,  acid,  etc.),  no  less  0.95 

The  same  with  regard  for  mechanical  losses,  no  less  0.94 

New  Methods  of  Producine  Diluted  Nitric  Acid 

We  have  searched  for  many  years  for  direct  methods  of  producing 
nitric  oxide,  by  fixation  of  nitrogen  and  oxygen  of  atmospheric  air. 
These  attempts  were  halted  because  it  was  impossible  at  that  time  to 
solve  the  problem  of  producing  NO  of  sufficient  concentration. 

It  has  been  established  by  calculations  and  experiments  that 
in  order  to  obtain  acceptable  concentrations  of  nitric  oxide  according 
to  the  reactions 

N,+0,=2N0-43.14  kcal 

it  is  necessary  to  maintain  temperature  above  2400°K  in  the  reaction 
zone . 

Equilibrium  concentrations  of  NO  when  this  reaction  occurs 
correspond  to  the  following  values : 

Temperature ,  °K  2000  2200  2400  2580  2700  3000  3200 

Concentration  of  NO ,  vol .  %  0,59  0,98  1,5  2,05  2,31  3,57  4  39 

It  was  also  established  that  in  order  to  prevent  a  decrease 
in  NO  (as  a  consequence  of  its  breakdown)  to  equilibrium  corresponding 
to  a  lower  temperature ,  instant  cooling  of  the  gas  mixture  removed 
from  the  reaction  zone  is  required. 

Fixation  of  atmospheric  nitrogen  at  high  temperatures  in  the 
flame  of  the  electric  arc  did  not  yield  positive  results,  since,  in 
particular,  rapid  cooling  of  the  gas  mixture  and  production  of  an  NO 
concentration  over  1.2  volum.Z  were  not  successful.  This  low  NO 
concentration  created  a  complication  in  processing  the  gas  mixture 


into  nitric  acid  and  determined  the  inefficiency  of  the  process  as 
a  whole.  For  1  T  of  nitric  acid  that  was  obtained  by  the  methods  of 
electric  synthesis  (according  to  different  versions),  12,000-16,000 
kW  x  h  of  electricity  was  consumed,  while,  with  indirect  methods  of 
nitrogen  fixation  (through  ammonia) ,  even  with  insufficiently  com¬ 
plete  plans,  only  about  1500  kW  x  h  was  required. 

Based  on  the  achievements  of  modem  science  and  technology, 
extensive  research  has  been  renewed  in  recent  years  in  the  area  of 
direct  fixation  of  the  atmospheric  nitrogen.  Thermal,  plasma  and 
radiation  methods  are  currently  being  developed  especially  inten¬ 
sively. 

The  thermal  method  is  based  on  a  combination  of  thermal  fixation 
of  atmospheric  nitrogen  with  processes  of  producing  steam  and 
electricity  on  high  output  power  plants.  The  high  temperatures  which 
are  needed  to  form  nitric  oxide  from  nitrogen  of  the  atmospheric  air 
are  obtained  by  burning  gaseous  fuel  in  a  high-pressure  generator. 

The  nitric  oxide  in  this  method  is  seemingly  a  by-product. 
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The  plasma  method  is  based  on  complete  or  partial  transition 
of  air  into  the  ionized  state  in  which  it  contains  not  only  neutral 
molecules  and  atoms,  but  also  ions  and  electrons . ^ 

The  gas-discharge  plasma  is- .created,  for  example,  in  an  elec-.-- 
trode  plasmotron.  Synthesis  of  nitric  oxide  from  atmospheric  air 
in  the  plasma  stream  occurs  in  negligible  fractions  of  a  second. 

During  the  development  of  the  plasma  method  for  production  of  nitric 
oxide,  new  procedures  were  sought  for  cooling  ("hardening")  of  the 
gas  mixture  in  which  the  high  content  (roughly  6-7%)  of  the  nitric 
oxide  in  the  gas  mixture  could  be  completely  preserved. 

The  radiation  method  is  based  on  bonding  of  nitrogen  and 
oxygen  of  atmospheric  air  by  the  effect  of  ionizing  radiation  of 
uranium- 2 35  on  them. 


Certain  direct  methods  for  production  of  nitric  oxide  for  the 
manufacture  of  nitric  acid  stipulate  verification  on  large  experi¬ 
mental  units.  The  latter  also  include  apparatus  to  study  the  pro- 
cesses  of  enrichment  of  the  obtained  nitric  oxide  and  its  processing 
into  nitric  acid. 

At  the  same  time ,  development  and  introduction  of  new  systems 
for  producing  diluted  nitric  acid  based  on  synthetic  ammonia  are  in¬ 
tensively  continuing.  Both  in  the  USSR  and  abroad,  a  trend  has  been 
noted  towards  the  use  of  aggregates  of  high  output  (700-1200  T/day 
of  100%  hno3). 

On  high-output  aggregates  that  are  made  on  the  basis  of  the 
current  achievements  of  equipment  and  machine  building ,  one  can  re¬ 
duce  the  specific  outlays  of  ammonia  and  platinoid  catalyst ,  operate 
without  supplying  electricity  from  outside ,  comprehensively  automate 
all  processes  and  guarantee  the  sanitary  standard  for  the  content 
of  nitric  oxides  in  the  exhaust  gases.  These  and  certain  other  ad¬ 
vantages  of  the  high  output  aggregates  (for  example,  production  of 
nitric  acid  of  increased  concentration,  no  less  than  60% .production  of 
water  vapor,  about  1.5  5rF  HND^,  etc.)  make  it  possible  to  reduce  by 
roughly  30%  the  specific  caoital  investments  for  the  production  of  diluted  nitric 
acid  and  decrease  by  15%  the  net  cost  of  the  product  as  compared  to  the  active 
units  operating  under  increased  pressure. 

The  foreign  systems  for  producing  nitric  acid  from  synthetic 
ammonia  in  high  output  aggregates  are  based  on  different  fundamentals 
of  the  production  processes.  Certain  systems  operate  under  pres¬ 
sure  in  the  entire  production  line  (loop),  others,  the  combined, 
operate  at  different  increased  pressure  at  the  stages  of  conversion 
and  absorption.  In  the  second  case,  the  process  occurs  according  to 
the  following  plan. 

1.  Oxidation  of  ammonia  into  nitric  oxide  is  done  at  a  moderate 
moderate  pressure  (for  example,  3.5-4  atm.),  while  absorption  of 
nitric  oxides  is  done  at  a  relatively  high  pressure  (for  example, 

10  atm.  and  higher) . 
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2.  The  process  of  acid  formation  is  done  in  two  successively 
operating  absorption  columns.  In  the  first  (on  the  gas  course) 
column,  the  main  quantity  of  nitric  oxides  is  absorbed,  and  in  the 
second,  their  remaining  quantity.  In  this  case,  nitric  acid  of 

low  concentration  (1-3%  HNO^)  is  formed  in  the  second  column.  It  is 
transferred  by  pump  to  sprinkle  the  first  column. 

3.  The  heat  which  is  released  during  ammonia  oxidation,  and 
the  heat  from  oxidizing  MO  into  NO2  is  used  to  produce  electricity 
that  is  necessary  to  compress  air  and  nitrous  gases  to  the  pressures 
indicated  above. 


Figure  1-51  presents  one  of  the  foreign  plans  for  producing 
nitrix  acid  with  concentration  of  65-69%  in  a  unit  with  output  of 
1000  x /day ,  counting  on  100%  HNO^. 

This  plan  guarantees  the  following  basic  consumption  coeffi¬ 
cients  for  1  ^  of  nitric  acid: 


Ammonia,  kg  2S0-282 

Platinoid  catalyst  ,  g  0.09-0.10 

Water  for  cooling ,  m^ 

t  <  20°C  130 

t  >  20°C  200 

Electricity ,  kw  x  h  8 


Of  the  other  peculiarities  of  the  plan,  we  note  the  following: 
the  output  of  the  contact  apparatus  is  350^/day  (counting  on  100% 
HKO^) ;  the  content  in  the  exhaust  gases  (before  their  dilution  with 
air)  to  0.05  vol.%  of  nitric  oxides,*  all  the  machines  are  installed 
on  one  shaft;  the  planned  repair  of  machines  is  done  every  18-24 
months  (coefficient  of  use  of  the  equipment  is  about  97%) ;  operation 
and  repair  of  the  unit  requires  few  service  personnel. 

Foreign  practice  is  making  more  extensive  used  of  systems  that 

oroduce  65-70%  nitric  acid.  The  absorption  columns  of  these  systems 
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are  equipped  with  plates  cf  special  design.  Thus,  one  foreign  firm 
has  developed  and  is  widely  introducing  into  industry  the  method  of 


producing  69-70%  nitric  acid  in  a  system  that  operates  under  pres¬ 
sure  of  4  atm.  at  the  stage  of  nitric  oxide  absorption.  The  design 
cf  the  plates  of  the  absorption  column  of  this  system  is  known  under 
the  common  name  of  "fat  absorber." 


Figure  1-51.  Flan  for  Unit  to  Produce  Diluted  Nitric 
Acid  by  Combined  Method  under  Increased  Pressure 

Key : 


1. 

Evaporator 

2. 

Ammonia  heater 

3. 

Filter  to  purify  air 

4. 

Contact  apparatus 

5. 

Boiler-recoverv  unit 

6. 

Secondary  heater  of  exhaust  gases 

7. 

Heat  exchanger 

8. 

Oxidation  towers 

9. 

Cooler 

10. 

Compressor  of  nitrous  gases 

11. 

Primary  heater  of  nitrous 

gases 

12. 

Oxidizing  towers 

13. 

Absorption  column 

14. 

Blow-through  column 

15. 

Cooler 

16. 

Steam  turbine 

17. 

Recuperation  turbine 

18. 

Air  compressor 

19. 

Heat  exchanger 

20. 

Condenser 

21. 

Cooled  waiter 

22. 

Steam 

23. 

Air 

24. 

Steam  to  side 

25. 

Exhaust  gases 

26. 

Addition  of  water  to  feed 

boiler 

27. 

Production  acid 

28. 

Water 
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According  to  the  patent  description  and  the  published  data, 
the  column  consists  of  16  plates  with  continuous  bottom.  Each  plate 
is  separated  above  with  partitions  into  sectors  which  are  designed  to 
oxidize  NO  into  NO2  and  into  adjacent  sectors  in  which  the  nitrogen 
peroxide  is  absorbed.  Notches  are  made  in  the  partitions  of  the 
sectors  for  passage  of  liquid  and  nitrous  gases.  The  acid  solutions 
circulate  only  in  the  absorption  sectors.  In  the  isolated  sectors 
of  NO  oxidation,  the  nitric  acid  concentration  corresponds  to  the 
condition  of  equilibrium  with  the  gas  mixture,  or  close  to  it.  Towards 
the  top  of  the  column ,  as  the  nitric  oxides  in  the  gas  mixture  dimi¬ 
nish ,  the  oxidizing  sectors  of  the  plates  significantly  increase.  The 
plates  have  cooling  devices  (for  example,  of  the  plate-type)  through 
which  the  cooling  liquor  or  cooled  water  circulates.  With  this  design 
of  the  plates  ,  the  most  favorable  conditions  are  created  for  NO  oxi¬ 
dation  in  the  liquid  phase.  Almost  completely  oxidized  NO,  i.e., 
essentially  only  nitrogen  peroxide,  enters  the  adjacent  sectors  of 
the  plates  for  absorption. 

In  standard  absorption  columns  ,  even  with  sieve-plates ,  the 
process  of  NO  oxidation  into  NO2  occurs  to  a  considerable  measure  in 
the  gas  phase  and  is  uncontrollable.  The  column  with  "fat  absorber" 
that  operates  under  pressure  of  about  4  atm.  in  the  output  of  69-70 % 
acid  has  productivity  of  200  T/aay  (counting  on  100%  HNO3) .  The 
gases  escaping  from  the  column  contain  0.05  vol.%  of  NO  +  NO2  and 
are  diluted  with  an  air  stream  before  they  are  discharged  into  the 
atmosphere . 

Automation  of  Production  of  Diluted  Nitric  Acid 

Figure  1-52  presents  the  flowsheet  for  automating  the  production 
of  diluted  nitric  acid  under  pressure  of  3.5  atm.  The  main  element 
in  the  plan  is  regulation  of  the  ratio  of  the  quantity  of  air  and 
ammonia  entering  the  contact  apparatus . 

The  regulator  of  the  ratio  acts  on  the  actuating  mechanism 
on  the  ammonia  line  according  to  loading  the  unit  for  air  (basic 
air) .  The  pressure  in  the  contact  apparatus  is  regulated  by  changing 
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cbe  supply  of  the  ammonia-air  mixture  by  regulator  ?2  depending  on 
the  operating  regime  of  the  ventilator  and  the  degree  of  blockage 
of  the  cardboard  filters. 


Figure  1-52.  Flowsheet  of  Automatic  Regulation  of 
Process  of  Obtaining  Diluted  Nitric  Acid  by  Combined 
Method  with  Absolute  Pressure  3.5  atm.  in  Absorption 
Part  of  System 

Key: 

1.  Cloth  filter  for  purification  of  ammonia 

2.  Apparatus  for  purification  of  air 

3.  Ammonia-air  ventilator 

4.  Heater  of  ammonia-air  mixture 

5.  Contact  apparatus 

6.  Boiler-recovery  unit 

7 .  Gas  cooler-washer 

8.  Turbocompressor  of  nitrous  gases 

9 .  Oxidizer 

10.  Heater  of  exhaust  gases 

11.  Absorption  column 

12.  Blow- through  column 

13.  Nitric  acid  storage 

14.  Steam  condensate  tank 

15.  Deaerator 

16.  Separator 

17.  Receptacle 

18.  Nitric  acid  condensate  tank 

19.  Water 

20.  Steam  collector 

21.  Steam 

22.  Air 

23.  Ammonia 

24.  Exhaust  gases 

25.  Nitric  acid 

26.  Steam  condensate 


Regulators : 
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of  ratio  of  quantity  of  air  and  ammonia 
of  pressure  on  grids  of  contact  apparatus 
of  oxygen  content  in  exhaust  gases 
of  concentration  of  production  acid 
of  suoply  of  nitric  acid  condensate  for  sprinkling 
absorption  acid 
Pj2*  of  level 

of  ratio  of  quantity  of  steam  and  water 

of  steam  pressure 

of  pressure  in  deaerator  column 

remote  control 

cutter 


The  normal  operation  of  the  boiler-recovery  unit  is  guaranteed 
by  the  regulator  of  ratio  P^  which  measures  the  supply  of  feed  water 
depending  on  the  quantity  of  generated  steam.  The  constant  level  in 
the  receptacle  of  the  separation  device  of  the  boiler  is  regulated 
by  changing  the  discharge  of  water  from  the  receptacle  (regulator  Pg). 
Safe  operating  regime  of  the  boiler-recovery  unit  is  attained  by 
installing  regulating  valves  with  remote  manual  control  on  by-pass 
lines  for  feeding  supply  water  into  the  boiler  and  discharging 
condensate.  The  pressure  of  the  overheated  steam  (40  kg-f/cri  )  in 
the  collector  after  the  boiler-recovery  unit  is  maintained  constant 
with  the  help  of  pressure  regulator  P<j, 

The  operating  regime  of  the  deaeration  unit  in  order  to  pre¬ 
pare  the  nutrient  water  for  the  boiler-recovery  units  is  regulated 
by  stabilizing  the  pressure  in  the  deaeration  column  (regulator  P^) 
and  water  level  in  the  deaeration  tank  (regulator  P-^q). 

For  more  complete  oxidation  of  the  nitrous  gases  obtained  in 
the  contact  apparatus ,  regulation  is  provided  for  the  ratio  of  the 
quantity  of  basic  and  additional  air  that  is  sucked  up  by  the  turbo¬ 
compressor,  with  correction  for  the  oxygen  content  in  the  exhaust 
gases  by  influencing  the  regulating  baffle  P^  which  is  installed  on 
the  additional  air  pipeline.  Certain  plants  only  use  remote  control 
by  a  slide  valve  on  the  line  to  feed  additional  air. 

The  assembly  for  regulating  the  concentration  of  production 
acid  consists  of  two  parallel  operating  regulators.  The  first, 
main  regulator  controls  the  supply  of  steam  condensate  into  the 
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absorption  column  depending  on  the  ammonia  load  on  the  system.  The 
second  regulator  corrects  the  quantity  of  supplied  steam  condensate 
according  to  the  concentration  of  obtained  nitric  acid  (regulator  P^) . 
The  regulating  valves  of  both  regulators  are  installed  in  parallel  on 
the  supply  line  for  steam  condensate  into  the  absorption  column. 

The  quantity  of  condensate  of  nitric  acid  that  enters  the 
absorption  column  is  regulated  with  correction  for  the  level  of 
acid  condensate  in  the  tank  (regulator  P^).  A  constant  level  of 
acid  in  the  absorption  column  is  maintained  by  the  level  regulator  Pg 
which  changes  the  supply  of  acid  from  the  column.  The  level  of  steam 
condensate  in  the  tank  is  regulated  by  changing  the  supply  of  steam 
condensate  to  the  tank  (regulator  PU). 

For  start-up  operations  ,  except  for  the  baffles  on  the  lines 
for  supply  of  additional  air  and  ammonia-air  mixture ,  a  baffle  is 
used  at  the  entrance  of  nitrous  gases  into  the  turbocompressor.  If 
a  pre-emergency  regime  develops  ,  protective  blocking  and  emergency- 
production  signalling  are  provided  for. 

Za  Production  of  Concentrated  Nitric  Acid  _ 

Direct  Synthesis  of  Nitric  Acid 

The  process  of  producing  concentrated  nitric  acid  from  liquid 
nitric  oxides ,  oxygen  and  water  occurs  with  the  formation  of  unstable 
intermediate  compounds.  The  total  reaction  of  direct  synthesis  of 
concentrated  nitric  acid  is  depicted  by  the  following  equation: 

2N|0«4-2H*O+O»«=4HN0t+  1M4  kcal 

There  are  known  industrial  methods  for  producing  concentrated 
nitric  acid  which  are  mainly  distinguished  by  the  technology  for 
producing  liquid  nitric  oxides.  The  process  of  interaction  of  the 
liquid  nitric  oxides,  the  oxygen  and  water  (in  practice,  diluted 
nitric  acid  is  used  instead  of  water) ,  and  subsequent  processing  of 
the  obtained  solutions  into  the  finished  product  are  the  same  in 
all  methods  of  producing  concentrated  nitric  acid. 
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Liquid  nitric  oxides  are  obtained  from  nitrous  gases  that  are 
formed  during  the  oxidation  of  ammonia  by  air  oxygen  and  during  in¬ 
version  of  nitrites  into  nitrates  (this  method  has  limited  applica¬ 
tion)  . 


The  process  of  producing  concentrated  nitric  acid  proper  con¬ 
sists  of  the  following  main  stages: 

preparation  of  a  mixture  of  liquid  nitric  oxides  with  diluted 
nitric  acid  in  assigned  ratios  (so-called  raw  mixture); 

interaction  of  raw  mixture  with  oxygen  in  autoclaves  at  pres¬ 
sure  of  50  atm.  and  temperature  of  70-35°C  (production  of  autoclave 
acid) 


separation  of  nitric  oxides  from  concentrated  solutions  of 
nitric  acid  (production  of  finished  product  and  liquid  nitric  oxides 
which  can  be  returned  to  the  production  cycle) . 

The  literature  cites  fairly  detailed  data  on  the  absorption  of 

12  72  73 

nitric  oxides  of  concentrated  nitric  acid  ’  '  ,  condensation  of 

nitric  oxides  from  nitrous  gases'5’  ’  '  ’  '  ,  on  conditions  for  the 
3  12  76-3 0 

formation  ’  *  ~  and  technology  for  producing  concentrated  nitric 

acid-5  ’  c ,  physical  properties  of  diluted  and  concentrated  nitric 
acid  which  contains  dissolved  nitric  oxides^”®^  ,  as  well  as  methods 
for  computing  certain  stages  in  the  process  of  direct  synthesis  of 
conentrated  nitric  acid.^ 

Below  is  the  basic  information  on  the  production  of  liquid 
nitric  oxides  and  their  processing  into  concentrated  nitric  acid. 

Production  of  Liquid  Nitric  Oxides 

There  are  two  popular  methods  in  industry  for  obtaining  nitric 

oxide:  by  absorption  of  N0o  from  nitrous  gases  by  concentrated 
72  73‘  L 

nitric  acid  ’  with  subsequent  separation  of  the  liquid  nitric 
oxides  from  the  obtained  solution;  condensation  of  N0£  from  nitrous 
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gases  at  increased  pressure.  Selection  of  the  method  for  pro¬ 
ducing  liquid  nitric  oxides  is  determined  to  a  considerable  measure 
by  the  system  of  producing  diluted  nitric  acid. 


Absorption  of  nitric  oxides  from  nitrous  gases  bv  concentrate 
nitric  acid.  This  method  is  based  on  the  high  solubility  of  N02 
in  concentrated  nitric  acid  at  low  temperatures.  For  example,  the 
solubility  of  nitric  oxides  in  97%  nitric  acid  at  -10°C  and  atmo¬ 
spheric  pressure  is: 


NC>2  content  in  gases  ,vol.% 

NO^  content  in  solutions 
(HNO^  +  N20^)  ,  weight. % 


10  15  v  20  25 

20,4  04  37.2  41 


One  can  almost  completely  extract  the  nitric  oxides  from  the 
nitrous  gases  that  are  obtained  by  any  method  with  the  help  of 
concentrated  nitric  acid.  Before  absorption  of  the  nitric  oxides 
by  concentrated  nitric  acid ,  the  gas  mixture  must  be  prepared  in  the 
appropriate  manner. 

The  surplus  reaction  water  (this  surplus  is  roughly  2/3  of  its 
total  quantity  in  the  gas  mixture)  is  first  removed  from  the 
nitrous  gases  by  cooling.  In  cases  where  the  gases  are  cooled  at 
atmospheric  pressure  ,  an  acid  condensate  is  formed  which  contains 
2-4%  HNO^,  and  at  higher  pressure,  25-30%  HNO^.  These  acid  conden¬ 
sates  are  usually  used  in  the  production  of  diluted  nitric  acid.  After 
the  water  is  removed  from  the  gaseous  mixture ,  the  NO  is  oxidized  into 
N02  by  oxygen,  and  then  by  97-98%  nitric  acid. 


In  the  systems  which  produce  concentrated  nitric  acid  and 
operate  at  atmospheric  pressure,  NO  is  oxidized  by  oxygen  that  is 
contained  in  the  nitrous  gases ,  in  two  oxidation  towers  which  are 
installed  in  series.  The  oxidizing  towers  are  sprinkled  with  54-56% 
nitric  acid.  In  this  case  ,  only  a  small  part  of  the  nitric  oxides 
is  absorbed.  The  released  heat  of  the  NO  oxidation  reaction  is  re¬ 
moved  by  the  acid  that  is  circulating  between  the  oxidizing  tower 
and  the  water  cooler. 
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Figure  1-53.  Plan  of  Assembly  for 
Obtaining  Liquid  Nitric  Oxides  by 
Condensation  Method 


Key: 

1  • 

Exhaust  gas  heater 

2. 

Filter  for  trapping  platinum 

3. 

High-speed  cooler 

4.6,9. 

Separators 

5. 

Condenser-cooler 

7. 

Liquor  condenser  of  the  I  stage 

8. 

Liquor  condenser  of  the  II  stage 

10. 

Level  regulator 

11. 

Water 

12. 

Nitrous  gases 

13. 

Liquor 

14. 

Diluted  HN03 

15. 

Raw  mixture"3 

16. 

Nitrous  gases  to  absorption  column 

17. 

Nitrous  gases  from  boiler-recovery  unit 

18. 

Exhaust  gases 

19. 

Exhaust  gases  of  absorption  column 

20. 

Condensate  (to  30Z  HNOj) 

The  degree  of  NO  oxidation  by  air  oxygen  or  of  nitrous  gases 
usually  does  not  exceed  93Z.  Complete  NO  oxidation  is  not  achieved 
under  these  conditions  because  of  the  drastic  slowing  down  of  the 
reaction  as  the  concentration  of  nitric  oxide  drops.  Its  additional 
oxidation  by  concentrated  nitric  acid  occurs  according  to  the 
reaction  NO  +  2HN0 3 *3^2+1^0-17. 58  kcal.  Its  rate  increases  with  a 
rise  in  temperature. 
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The  oxidized  nitric  oxides  are  absorbed  by  98%  nitric  acid 
at  a  temperature  of  about  -10°C.  The  solution  that  is  obtained  in 
this  case  (it  is  sometimes  called  nitroleum)  contains  25-352  of 
dissolved  nitric  oxides.  With  an  increase  in  the  NO2  content  in  the 
solution,  the  rate  of  its  absorption  is  noticeably  reduced.  The 
constant  for  the  rate  of  MO2  absorption  by  concentrated  nitric  acid 
is  determined  by  the  equation: 

1?  k  =  1.6554-0.3  lg  V- 1.37  lg  f  + 0.0149* 

where  V--linear  velocity  of  gase  (0.2-0. 6  m/s); 

T- -temperature  (263-283°K)  •, 

z--concentration  of  nitric  acid  (85-98%). 

The  obtained  solutions  of  nitric  acid  that  contain  nitric 
oxides  are  reprocessed  to  remove  them  (whitening) .  This  process  is 
done  at  the  boiling  temperature  of  the  solutions.  It  depends  on  the 
pressure  and  their  content  of  nitric  oxides.  The  released  vapors 
of  nitric  oxides  condense  at  a  temperature  of  -10°C. 

Release  of  nitric  oxides  from  nitrous  gases  under  pressure. 
This  method  is  based  on  a  considerable  change  in  the  pressure  of 
saturated  vapor  of  nitric  oxides  depending  on  the  temperature.  The 
nitrous  gases  are  prepared  in  the  same  way  as  in  the  release  of 
nitric  oxides  under  atmospheric  pressure.  In  order  to  dehydrate  the 
gas  mixture ,  the  nitrous  gases  are  cooled  in  a  high-speed  cooler 
(to  55-65°C)  ,  and  then  in  a  cooler-condenser  (to  3O-40°C) .  The 
gas  mixture  (degree,  of  NO  oxidation  93-94%)  is  further  sent  to  the 
coolers  (fig.  1-53)  where  nitric  oxide  condensation  occurs  in  two 
stages.  In  the  first  stage  (upper  cooler)  the  cooling  is  often 
done  not  by  liquor ,  but  by  water  to  10°C ,  and  in  the  second  stage 
(lower  cooler)  to  -15®C. 

In  order  to  avoid  blockage  of  the  lower  (liquor)  cooler  with 
solid  ^0^  ,  the  temperature  of  the  condensate  at  the  exit  from  it 
is  maintained  at  roughly  -15°C,  With  a  content  in  the  gas  mixture 
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of  2%  water  vapors  ,  the  freezing  temperature  of  the  formed  liquid 
(raw  mixture)  equals  -13.4°C,  and  with  5.5%  water  vapors,  it  is 
reduced  to  -16°C.  Precipitation  of  solid  is  practically 

excluded  if  there  is  6-8%  ^0^  in  the  nitrous  gases. 

The  rate  of  reaching  equilibrium  with  a  decrease  in  NO2  is 
comparatively  high.  It  is  mainly  determined  by  the  rate  of  removal 
of  heat  of  the  condensing  gas.  With  optimal  temperature  of  conden¬ 
sation  (from  -10  to  -15 °C)  ,  the  time  for  stay  of  the  gas  stream  in 
the  cooler-condensers  of  nitric  oxides  generally  does  not  exceed  5  s. 
If  ammonia  is  oxidized  by  air  oxygen  ,  the  content  of  nitric  oxides 
in  the  nitrous  gases  is  often  11%.  At  atmospheric  pressure  this 
corresponds  to  their  partial  pressure  of  83.5  mm  Hg.  The  pressure 
of  the  vapors  above  the  liquid  at  -10°C  equals  150  mm  Hg.  Thus, 

without  using  increased  pressure,  it  is  practically  impossible  to 
condense  the  nitric  oxides.  At  absolute  pressure  of  5  atm. , 
temperature  of  -10°C  and  content  in  the  gases  of  10%  NO2 ,  the  degree 
of  its  condensation  can  reach  45%. 

It  is  comparatively  rare  under  industrial  conditions  to  obtain 
a  degree  of  nitric  oxide  condensation  from  the  diluted  gases  higher 
than  35%.  This  is  explained  by  the  reduced  pressure  of  the  nitrous 
gases  in  the  liquor  coolers;  the  partial  freezing  of  the  liquid  nitric 
oxides  with  a  shortage  of  N2O3  in  the  gas  mixture;  increased  tempera¬ 
ture  of  the  nitrous  gases  after  the  high-speed  cooler  and  the  cooler- 
condenser,  etc.  Fairly  good  removal  of  the  liquid  nitric  oxides 
during  condensation  of  nitrous  gases  requires  burning  of  the  ammonia- 
air  mixture  which  contains  11.5-11.7%  NH^ ,  maintenance  in  the 
ammonia-air  mixture  of  the  ratio  02;NH2=1.65,  addition  to  the  second 
stage  of  nitrous  gas  cooling  of  a  certain  quantity  of  diluted  acid, 
etc.  It  is  not  always  possible  in  production  to  maintain  these 
conditions  ,  therefore ,  removal  of  the  nitric  oxides  generally  is 
25-35%. 

The  raw  mixture  formed  in  the  liquor  coolers  is  separated  from 
the  gases  in  the  separator  and  sent  to  the  mixer  of  the  autoclave 
division.  The  gas  mixture  which  contains  uncondensed  nitric  oxides, 
water  vapors,  nitrogen,  nitric  acid  vapors  is  reprocessed  into 

120 


diluted  nitric  acid. 


Below  are  the  basic  indicators  for  the  technological  regime 
of  removing  nitric  oxides  from  nitrous  gases  during  operation  under 
pressure: 


Ammonia  content  in  the  ammonia-air  mixture, £  11.5 

ratio  in  ammonia-air  mixture  1*6-1.65 

Temperature  of  nitrous  gases  at  outlet  from  high¬ 
speed  cooler, °C  55-60 

HNO~  concentration  at  outlet  from  high-speed  cooler, %  25-30 

Temperature  of  nitrous  gases  at  outlet  from  cooler- 
condenser,  °C  30-40 

Degree  of  oxidation  of  NO  into  NO2  in  gases  after 
cooler-condenser ,%  93-94 

HNO^  concentration  at  outlet  from  cooler-condenser ,%  56-60 

Temperature  of  liquor  at  inlet  to  liquor  cooler- 
condensers  , °C  20-22 

Temperature  of  gases  at  outlet  from  liquor  coolers, °C 

of  first  stage  (upper)  10 

of  second  stage  (lower)  -15 


Production  of  Concentrated  Nitric  Acid 


The  rate  of  the  process  of  nitric  acid  formation  is  drastically 
slowed  down  as  the  concentration  of  47-50 %  HNO^  is  reached  on  units 
operating  at  atmospheric  pressure ,  and  55-58%  HNO^  on  units  operating 
under  pressure  of  6-9  atm.  One  can  obtain  nitric  acid  with  concen¬ 
tration  all  the  way  to  100%  only  with  a  considerable  increase  in 
the  partial  pressure  of  N0£  and  O2  with  the  use  of  high  pressure. 
Concentrated  nitric  acid  is  produced  in  autoclaves  of  the  periodic- 
action  or  continuous-action  type  that  operate  under  pressure  of  50 
atm. 


Synthesis  of  concentrated  nitric  acid  from  liquid  nitric  oxides 
uses  56-60%  nitric  acid  that  is  formed  in  the  oxidizing  towers  or  in 
the  cooler-condensers.  The  concentration  of  nitric  acid  is  roughly 
the  same  in  the  raw  mixture  obtained  during  condensation  of  nitric 
oxides  from  nitrous  gases. 

The  rate  of  interaction  of  the  liquid  nitric  oxides  with 
aqueous  solutions  of  nitric  acid  and  oxygen  is  considerably  accelera¬ 
ted  with  a  rise  in  temperature  and  an.  increase  in  the  surplus  nitric 

121 


[continuation  of  key] 


33.  To  exhaust  pipe 

34.  Water  vapor  condensate 

35.  5%  HNOo  to  diluted  nitric  acid  shop 

36.  Vapor 

37.  To  storehouse 

38.  To  apparatus  7  and  9 

39.  Nitrous  gases  to  turboblowers  3 

40.  Blow-through  gases  to  apparatus  5 

41.  Overflow 

42.  Oxygen 

43. .  Raw  mixture 

79  80 

oxides.  ’  The  role  of  temperature  in  the  process  of  formation  of 
concentrated  nitric  acid  is  apparently  reduced  to  acceleration 
of  hydrolysis  of  ^0^  and  breakdown  of  HNO2  which  is  formed  as  an 
intermediate  product  in  the  process  of  producing  HNO3.  However,  an 
increase  in  temperature  above  75-80°C  is  not  permitted  since  it 
results  in  an  intensification  of  corrosion  of  the  aluminum  reaction 
vessel  (p-L4l*)^and  removal  of  a  large  quantity  of  nitric  oxides  with 
the  blow- through  gases. 

The  surplus  of  liquid  nitric  oxides  in  the  autoclave  mixture 
mainly  determines  the  rate  of  acid  formation,  i.e.,  the  output  of 
the  autoclave.  The  larger  the  N20^:H20  ratio,  the  less  time  is 
required  for  reaching  the  assigned  acid  concentration. 

In  the  raw  mixture  that  is  sent  for  autoclaving ,  the  minimum 
ratio  of  components  must  correspond  to  the  reaction: 

N*0«+  H*0+a5O»-2HN0, 
j  98+ 18+ 16- 126 

or  730  kg  ^0^+143  kg  ^0+127  kg  02*1000  kg  (counting  on  100%  HNO^) . 

The  minimum  weight  ratio  of  is  92:18*5.11.  With  this 

ratio ,  not  only  is  the  standard  concentration  of  nitric  acid  not 
produced,  but  the  process  of  acid  formation  is  very  elongated  in 
time.  A  raw  mixture  is  usually  used  in  practice  with  a  ratio  of 

: ^0*6. 4-7.  The  composition  of  the  raw  mixture  sometimes  has  to 
be  "corrected,"  i.e.,  in  order  to  obtain  the  assigned  ratio, 
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diluted  nitric  acid  or  nitrogen  tetroxide  are  added.  The  presence 
of  ^0^  in  the  raw  mixture  does  not  affect  the  rate  of  the  process 
of  acid  formation,  but  increases  the  consumption  of  oxygen. 

In  autoclaves  of  periodic  action  with  the  indicated 
ratio,  concentrated  acid  (98£  KNO^  and  higher)  is  obtained  in  3  h. 
The  process  of  acid  formation  proper  takes  30-60  min.  ,  and  the  rest 
of  the  time  is  spent  on  auxiliary  operations  (loading  of  the  raw 
mixture  into  the  autoclave  30  min.  ,  unloading  the  autoclave  acid  30 
min.  ,  etc.).  The  nitric  acid  obtained  in  the  autoclaves  with  dis¬ 
solved  nitric  oxides  is  sent  for  whitening. 

Figure  1-54  presents  a  plan  for  producing  concentrated  nitric 
acid  by  the  method  of  direct  synthesis  at  atmospheric  pressure. 


Below  are  the  approximate  indicators  for  the  technological 
regime  of  direct  synthesis  of  concentrated  nitric  acid  from  nitrous 
gases  obtained  at  atmospheric  pressure: 


Oxidizing  towers 


Acid  temperature  at  outlet  from  second  tower, °C  40-42 

Acid  concentration  56-60 

Degree  of  oxidation  of  nitrous  gases  ,Z  92-93 

Final  oxidizer 

HNOo  concentration  in  solution  entering  to  sprinkle 
therinal  oxidizer, %  97-98 

Acid  temperature  at  outlet  from  final  oxidizer, °C  25-27 

Acid  concentration  at  outlet  from  final  oxidizer, %  70-74 

Liquor  gas  cooler 

Gas  temperature  at  outlet  from  cooler, °C  from  -8  to  -10 

Nitric  acid  concentration  ,%  88-90 

Absorption  tower 

Temperature  of  circulating  solution, °C  -10 

NC>2  content  in  solution ,% 

In  upper  stage  *5 

in  middle  stage  10-15 

in  lower  stage  25-30 

Washing  tower 

Solution  temperature ,  °C  0 

HNO.,  concentration  ,£ 

in  lower  stage  56-60 

in  upper  stage  ~5 

Content  of  nitric  oxides  after  tower ,%  '-'0.06 


Autoclave 


Approximate  composition  of  raw  mixture, 1 

N204  66-70 

Ki.nO  ^  24.7-20 

H20J  9.3-10 

Oxygen  concentration ,1  95-97 

Pressure  ,  atm.  50 

Temperature  of  autoclave  acid  at  outlet  from  autoclave , °C  70-85 


Whitening  column 

Acid  temperature  ,°C 

entering  for  whitening 
at  outlet  from  column 

Nitric  oxide  condenser 

Temperature  ,°C 

of  |as  at  inlet  to  condenser  40 

of  liquid  nitric  oxides  at  outlet  from  condenser  from  -8  to 

-9 


The  approximate  consumption  coefficients  on  units  of  direct 
synthesis  of  concentrated  nitric  acid  from  nitrous  gases  obtained  at 
atmospheric  (Patm  )  and  increased  (Pw3g-  )  pressure: 

Ammonia  (100%  NH-j)  ,  kg 

Platinoid  catalyst  (irreversible  losses)  ,  mg 
Electricity  ,*  kW  x  h 
Steam,  •T'tT  o 

Water  for  cooling,  nr 
Oxygen**  ,  m^ 

Cold  (need),  thous .  kcal 

*With  regard  for  the  outlays  for  production  of  cold,  as  well  as  nitro- 
leum  (at  P *3g  )  ■,  the  consumption  of  electricity  for  production  of 
oxygen  is  not  taken  into  account . 

** 

In  the  periods  of  start-up  of  the  autoclave  division,  the  consump¬ 
tion  of  oxygen  at  Patia  can  reach  200  cr/T  and  175  nr/T  HNO^  at  Pw36 

The  dependence  of  the  concentration  of  obtained  autoclave  acid 
on  the  N70/ :H20  ratio  and  the  employed  pressure  is  presented  in 
fig.  1-55. 
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Basic  Equipment 

High-speed  gas  cooler  (fie.  1-56)  is  a  heat  exchanger  of  the 
shell-and-tube  type.  The  tube  is  made  of  stainless  steel  and  the 
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Figure  1-55.  Dependence  of  Concencration 
of  Autoclave  Acid  on  N-0, :H20  Ratio  at 
Different  Pressure  (in  autoclave  of  11  plates, 
temperature  70-73°C). 

^e^‘l.  atmospheres 

2.  HNO^  concentration^ 


shell  is  made  of  carbon  steel.  Nitrous  gases  flow  on  the  pipes  and 

cooling  water  flows  in  the  internipe  space  (by  countercurrent  to  the 

gases).  The  tube  consists  of  1159  pipes  21  x  1 . 5  mm  in  diameter  and 

o 

3060  mm  long.  The  total  surface  of  the  tube  is  200  m  and  the  time 

for  stay  of  the  gases  in  the  pipes  is  0. 1-0.2  s.  The  specific  surface 

2 

of  the  high-speed  cooler  is  about  5  m  /(T  x  day)  of  100%  HNO^. 

High-speed  coolers  are  also  used  with  surface  of  the  heat 
2 

exchange  45  m  (fig.  1-57).  They  have  128  pipes  25  x  2  mm  in  diameter 
and  5000  mm  long. 

The  oxidizing  towers  (fig.  1-53)  are  made  of  stainless  steel. 

The  towers  are  filled  with  piles  of  ceramic  rings.  The  density  of 

3  2 

tower  sprinkling  is, 8-10  m  /(m  x  h) .  The  specific  volume  of  the 
3  * 

tower  is  11-12  m  !<X  x  day)  HN07.  The  specific  surface  of  the  acid 

3  r? 

coolers  in  the  oxidizing  towers  is  3-4  m  / (JZ  x  day)HNO.j. 

The  final  oxidizer  (fig.  1-59)  is  a  cylindrical  tower  that  is 
made  of  stainless  steel.  The  sites  for  input  and  distribution  of  the 
concentrated  nitric  acid  are  often  lined  with  aluminum. 

The  final  oxidizer  has  two-three  layers  of  packing,  piles  of 
ceramic  rings  25  x  25  and  50  x  50  mm  in  size.  The  lower  layer  that 
is  sprinkled  by  the  solution  from  the  sprayer  promotes  an  improve¬ 
ment  in  the  contact  between  the  acid  and  the  nitrous  gases  fed  from 
below.  The  upper  layer  of  rings  is  designed  to  separate  the  sprays 
of  liquid  carried  off  by  the  gas  stream.  The  specific  volume  of  the 
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Figure  1-56. 
(F=200  m2) 


High-speed  Gas  Cooler 


£v.ey : 


1.  Shell 

2.  Pipes 

3.  Pipe  grids 

4.  Covers 

5.  Bottom 

6.  Nitrous  gases 

7.  Water 

8 .  Acid  condensate 


tower- final  oxidizer  equals  0.3  m  / 
&  x  day)  HN0-. 


Absorbing  tower  (tower  of 
"nitroleum"  absorption)  with  dia¬ 
meter  3020  and  height  11 ,510  mm  (or 
diameter  2424  and  height  19,000  mm) 
is  made  of  aluminum.  The  tower  (fig. 
1-60)  is  separated  by  two  partitions 
into  3  sections:  stages  of  sprink¬ 
ling  with  solutions.  In  the  center 
,  of  the  partitions  there  are  vents 

which  are  covered  with  cupolas  for 
transfer  of  the  gases  from  one  stage  to  another.  At  each  sprinkling 
stage ,  there  is  independent  circulation  of  the  solution  that  is 
cooled  in  the  extension  shell-and- tube  coolers. 


Each  section  of  the  column  has  two  layers  of  packing  each ,  made 
of  ceramic  rings.  The  upper  layer  is  sprinkled  with  acid  with  the 
help  of  sprayers.  The  acid  passes  by  gravity  flow  from  the  upper 
stage.  The  lower  layer  is  sprinkled  with  acid  that  flows  from  the 
upper  layer,  and  the  acid  that  is  cooled  to  -10°C  by  circulation  in 
the  liquor  coolers.  In  order  to  reduce  the  losses  of  cold  into  the 
surrounding  medium,  the  absorption  tower  is  covered  with  a  thick 
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Figure  1-57.  High-Speed  Gas  Cooler 
(F=45  in  ) 

Key: 

1 .  Shell 

2.  Pipes 

3.  Pipe  grids 

4.  Separator 

5.  Partitions 

6 .  Cover 

7.  Nitrous  gases 

8.  Water 

9.  Acid  condensate 


layer  of  insulation. 

Instead  of  one  absorbing  tower  with  three  stages  of  absorption, 
sometimes  two  towers  are  installed  in  series.  In  this  case  the  first 
tower  on  the  gas  course  has  two  stages  of  sprinkling  ,  while  the 
second  has  one  stage. 


KuCJiuma  /  o 
*  nacocy 


Figure  1-58.  Oxidizing  Tower 
Key: 

1 .  Sprayer 

2.  Housing 

3 .  Packing 

4.  Level  Indicator 

5.  Support  under  packing  (pile  of  rings 
lower  row--regular  placement) 

6.  Acid  from  nump 

7 .  Acid  overflow 

8.  Gas 

9.  Rings 

10.  Acid  to  pump 
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Figure  1-59,  Final  Oxidizer 
Key: 

1.  Housing 

2.  Packing  (piled) 

3.  Support — grid  under  packing 

4 .  Sprayer 

5.  Vortex  generator 

6.  Manhole 

7 .  Rings 

8.  Acid 

9.  Gas 
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Figure  1-60.  Tower  of  Nitro-  Figure  1-61.  Liquor  Gas  Cooler 
leum  Absorption  (Height  19  m)  (Height  **'7. 7  m,  F*145  nr) 


^ '  1 .  Housing 

2 .  Packing 

3.  Support  under  packing 

4 .  Sprayer 

5.  Closed  plate(for  liquid) 

6.  Filter 

7 .  Air  pipe 

8.  Level  indicator 

9.  Rings  11,  Acid 

10.  Gas  12.  Acid  drain 


Key^ 


Upper  cover 
Pipe  grid 
Partition 
Shell 

Directional  shell 
Pipes 

Lower  cover 

Gases 

Liquor 

Pipes  11.  Acid 


Acid  drain 
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Figure  1-62.  Washing  Tower  (Height 
10  m) 

Key:l.  Housing 

2.  Packing  (piled,  lower  row-- 
regular  placement) 

3.  Support  under  packing 

4 .  Sprayers 

5.  Closed  plate  '(for  liquid) 

6 .  Level  indicator 

7.  Gas 

8.  Acid 

9 .  Rings 

10.  Water 

11.  Acid  drain 


Figure  1-63.  Whitening  Column 
with  Packing  Made  of  Ceramic 


Raschig  Rings 

Keytl 

Cover 

2. 

Sprayer  device 

3. 

Shell 

4. 

Grid 

5. 

Boiler 

6. 

Nitric  oxides 

7. 

Acid 

8. 

Condensate 

9. 

Steam 
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Figure  1-64.  Whitening  Column  of 
.Plate-Cascade  Type 

Key: 

1 .  Upper  pipe 

2.  Cascade  semiplaces 

3.  Plates 

4 .  Lower  pipe 

5.  Steel  sleeve  for  steam 

6.  Nitric  oxides 

7.  One  plate  (arrow  indicates 
movement  of  liquid) 

8.  Steam 

9.  Paste 

10.  Steam  condensate 


The  first  tower  has  five  layers  of 
packing  made  of  ceramic  rings  of 
total  height  3750  mm. 


The  specific  volume  of  the 
absorbing  system  equals  1.25-1.50 
m x  day)  HNO^. 

The  liquor  (nitroleum)  coolers 
(fig.  1-61).  The  shell  of  the 
coolers  is  made  of  carbon  or  stain¬ 
less  steel  and  the  tube  is  made  of 
aluminum  pipes  or  pipes  made  of 
stainless  steel  32  x  3  mm  in  dia¬ 
meter.  The  aluminum  pipes  and  the 
pipe  grids  are  made  of  aluminum 
with  purity  of  99 . 5Z .  The  surface 
aluminum  pipes  is  2  m^  /(£  x  day)HN03. 


Washing  tower  (fig.  1-62)  is  made  of  stainless  steel.  In 
the  center  ,  the  tower  is  divided  by  a  partition  into  two  indepen¬ 
dent  sections,  the  sprinkling  stages.  The  partition  has  a  vent  which 
is  covered  by  a  cupola  for  passage  of  gases.  A  ceramic  packing  is 
placed  at  each  stage. 
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Figure  I-6i5.  Condenser  of 
Nitric^Oxides  (Height  6.6,  m, 
F-95  tnZ) 

Key: 


Figure  1-66.  Condenser  of  Nitric 
Oxides  (Height,  9  m,  F-210  nr) 

Key: 
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[continued  from  previous  page] 
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Liquor 
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Liquor 
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Gas 

11. 

Liquid 

nitric  oxides 

The  first  (lower)  stage  is  sprinkled  with  diluted  nitric  acid 
formed  in  the  gas  cooler.  The  second  (upper)  stage  is  sprinkled  with 
water.  Both  stages  can  have  common  sprinkling.  The  gases  from  the 
washing  column  are  removed  into  the  atmosphere  through  the  separator. 
The  specific  volume  of  the  washing  tower  equals  0.6  m^/(J  x  day)  HNOg. 

Whitening  column  (fig.  1-63,  1-64).  In  order  to  separate  the 
dissolved  nitric  oxides  from  the  acid ,  columns  of  packing  and  plate- 
cascade  type  are  used. 

The  column  of  the  packing  type  is  made  of  aluminum.  The  column 
housing  is  covered  with  a  layer  of  insulation  (30-50  mm).  The  column 
can  be  arbitrarily  divided  into  three  parts:  upper,  fractionating, 
middle,  rectification  and  lower,  cube.  The  upper  and  middle  parts 
of  the  column  are  a  welded  pipe  that  is  filled  with  ceramic  or 
porcelain  rings  that  are  placed  on  grids .  In  the  lower ,  cube  part  of 
the  column  there  is  a  boiler  with  two  sections  of  heating  aluminum 
coils .  In  the  upper  part  of  the  fractionator  that  is  free  of  packing , 
there  is  a  sprayer  to  feed  solutions  of  concentrated  acid  containing 
nitric  oxides . 

rr 

The  output  of  this  type  of  column  reaches  50  2 ! day  of  whitened 
acid.  The  specific  heating  surface  is  0.3  m^  per  1  jr  of  HNO^  per 
day. 


The  housing  of  the  column  of  plate-cascade  type  is  made  of 
aluminum,  the  shell  is  made  of  carbon  steel.  In  contrast  to  the 
packing  column,  the  liquid  in  the  plate-cascade  column  is  heated 
through  the  housing  wall  (steam  is  fed  into  the  heating  sleeve). 
Some  columns  of  this  type  consist  of  two  seamless  pipes  (upper  and 
lower)  ,  345  mm  in  diameter  that  are  connected  by  flanges. 

In  the  lower  pipe  of  height  2670  mm,  there  are  7  plates  which 
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Figure  1-67, 
Key: 


Nitric  Acid  Condenser 
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Liquid  nitric  oxides 


are  equal  distance  from  each  other 
and  are  built  so  that  the  solutions 
flow  over  the  wall  of  the  pipe  which 
is  heated  by  steam.  This  is  attained 
as  follows:  the  solution  from  the 
upper  pipe  is  fed  to  the  cap ,  direct¬ 
ing  the  acid  into  the  concentric 
recess  formed  by  the  wall  of  the 
pipe  and  the  plate.  In  the  upper 
pine,  height  2100  mm,  cascade  parti¬ 
tions  are  installed  in  a  checkerboard 
pattern.  These  are  the  semiplates 
over  which  the  solution  flows  in  a 
thin  film.  Flowing  from  the  semi¬ 
plates  ,  the  solutions  that  are  to  be 
whitened  form  a  screen  through  which 
the  hot  nitric  oxides  pass  that  are 
lifted  upwards. 


Certain  whitening  columns  of 

this  type  (diameter  350  ram,  height  9318  mm)  consist  of  three  sheet- 
steel  cylinders  (seamless  pipes) . 


The  two  lower  sheet-steel  cylinders  are  equipped  with  steam 
sleeves.  The  heating  surface  of  these  columns  equals  3.5  m^. 
Whitening  columns  450  mm  in  diameter  which  are  welded  from  aluminum 
sheets  14  mm  thick  are  also  used. 
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Figure  1-68.  Reverse  Cooler  (F=50  m  ) 
Key: 

1 .  Housing 

2.  Pipes 

3.  Pipe  grid 

4.  Air  pipe 

5 .  Cover 

6.  Partitions 

7.  Gaseous  nitric  oxides 

8.  Water 

9.  Water  drainage 


One  of  the  versions  for  the  design  of  whitening  columns  of  the 
plate-cascade  type  is  presented  in  fig.  1-64.  The  column  is  made 
of  special  stainless  steel  and  the  steam  sleeves  are  made  of  carbon 
steel. 


Nitric  oxide  condensers  (fig.  I-65-I-67)  of  the  shell-and-tube 
type,  vertical,  (less  often  inclined)  are  installed  after  high-speed 
coolers.  The  pipes  25  x  2  and  32  x  4  mm  in  diameter  and  pipe  grids 
are  made  of  stainless  steel  or  of  aluminum  with  purity  of  99. 5Z. 

The  tube  is  enclosed  in  a  sectional  shell  made  of  carbon  steel. 
Nitrous  gases  enter  the  pipes  ,  while  a  40-42 %  solution  of  calcium 
nitrate  (cooling  liquor)  enters  the  intertube  space. 


The  upper  cover  of  the  apparatus  has  a  connecting  pipe  to 
feed  in  gaseous  nitric  oxides.  The  lower  part  of  the  condenser  is 
designed  to  separate  and  remove  the  liquid  nitric  oxides  ,  as  well 
as  to  remove  the  gaseous  nitric  oxides  with  inert  gases. 


Figure  1-69.  Mixer  of  Raw  Mixture 

Ke^:l.  Housing  10-  Liquid  nitric  oxides 

2.  Connecting  pipe  for  11.  Diluted  nitric  acid 

suctioning  off  gases  12.  Raw  mixture 

3.  Electric  engine 

4 .  Reducer 

5.  Connecting  piece 

6.  Manhole 

7.  Blade  mixer 
S.  Device  for  mixing 
9 .  Level  indicator 
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1-70.  Autoclave  of  Periodic  Action 
Cover 

Housing  of  autoclave 
Protective  vessel 
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Line  for  blow- through 
Oxygen  into  reaction  space 
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3 low- through 
Cantilever 

Drainage  from  control  vessel 
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Below  are  the  characteristics  of  certain  nitric  oxide  con¬ 
densers  : 

Diameter,  mm  1043  870  920  1150  1250 

Height,  mm  8300  3300  8420  9069  10,000 

Number  of  pipes  -  -  255  337  385 

Length  of  pipes ,  mm  -  6500  7000  7000 

Cooling  surface,  nr  165  100  175  210  240 

The  specific  surface  of  heat  exchange  of  the  nitric  oxide 

2 

condensers  equals  3. 5-4.0  m  /(T  x  day)  HNC^. 

The  coolers  of  whitened  acid  are  made  of  aluminum  pipes.  Coolers 
of  two  types  are  used:  submersible  (coil)  and  shell-and-tube.  The 
shell-and-tube  coolers  consist  of  individual  horizontal  elements  with 
U-shaped  pipes  32  mm  in  diameter. 

Reverse  cooler  (fig.  1-68)  is  a  horizontal  heat  exchanger  of 

shell-and-tube  type  made  of  aluminum  with  U-shaped  pipes  32  mm  in 

o 

diameter.  It  most  often  has  a  cooling  surface  of  50  m  .  It  is 
designed  for  preliminary  cooling  by  water  of  gaseous  nitric  oxides 
that  emerge  from  the  whitening  columns  of  different  types. 

Mixer  (fig.  1-69)  is  a  tank  3000  mm  in  diameter  and  2750  mm 
high  with  a  cover.  It  is  equipped  with  a  vertical  mixer  and 
stationary  mixing  devices.  The  apparatus  is  made  of  stainless  steel, 
and  less  often  aluminum.  The  rotation  rate  of  the  mixer  is  60-70 
rpm. 

Autoclaves .  The  production  of  concentrated  nitric  acid  uses 
autoclaves  of  periodic  and  continuous  action.  The  autoclaves  of 
continuous  action  differ  from  the  periodic  only  in  the  presence  of 
packing  and  small  changes  in  the  piping  that  is  linked  to  the  supply 
of  raw  mixture  and  the  removal  of  autoclave  nitric  acid.  Figure  1-70 
presents  the  autoclave  of  periodic  action  and  fig.  1-71  presents  the 
autoclave  of  continuous  action  with  one  of  the  types  of  packing  of 
various  types. 

The  main  parts  of  the  autoclave  of  periodic  action  are: 


Figure  1-71.  Autoclave  of  Continuous  Action 

Key : 

1.  Housing 

2.  Protective  vessel 

3.  Reaction  vessel 

4.  Sieve-olates 

5.  Rod 

6.  Pipe- frames  for  oxygen  and  acid  pipe 

7.  Overflow  pipes 

8.  Raw  mixture 

9.  Acid 


outer  thick-walled  cylinder-housing  made  of  carbon  steel.  The  inner 
diameter  of  the  housing  is  1140  mm,  the  height  is  8625  mm  and  the 
wall  thickness  is  36  mm; 

inner  protective  vessel  made  of  aluminum;  if  there  is  a  breach  in 
the  packing  of  the  reaction  vessel ,  the  inner  vessel  protects  the 
steel  cylinder  from  the  action  of  nitric  oxides  and  acid.  The 
diameter  of  the  vessel  is  1100  mm,  the  height  is  8400  mm  and 
the  thickness  of  the  bottom  wall  is  10  mm; 

the  inner  reaction  vessel  that  is  made  of  99.8%  aluminum;  the  pro¬ 
cess  of  acid  formation  occurs  in  it.  The  inner  diameter  of  the 
vessel  is  1026  mm,  the  height  is  8300  mm,  the  thickness  of  the  wall 
is  25  mm  and  the  working  capacity  is  6m.  The  upper  part  of  the 
reaction  vessel  is  flanged  and  pressed  between  the  cover  and  the 
flange  of  the  steel  housing  so  that  the  vessel  is  located  in  a 
suspended  position  inside  the  housing.  The  reaction  vessel  is 
welded  from  sheets  of  aluminum  and  for  the  most  part  has  one  longi¬ 
tudinal  and  four  transverse  (ring)  seams; 
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reinforcing  unit-head  that  is  attached  to  the  vent  of  the  steel 
cover  of  the  autoclave.  This  design  makes  it  possible  to  view  and 
replace  the  inner  pipes  that  are  included  in  the  autoclave , 
without  removing  its  cover; 

support  design  under  the  autoclave. 

The  cover  of  the  autoclave  is  lined  from  the  inside  with  sheet 
aluminum.  To  pack  the  parts  of  the  autoclave ,  aluminum  pipes  that 
are  25  mm  in  diameter,  flattened  and  welded  among  themselves,  or  other 
corrosion-resistant  packings  (for  example,  f luoroplastic)  are  used. 

Four  short  and  two  long  pipes  enter  the  reaction  vessel  of  the 
autoclave.  The  short  pipes  are  designed  to  feed  the  raw  mixture  into 
the  autoclave  ,  overflow  it  back  into  the  mixer  if  the  autoclave  is 
overfilled,  connection  to  the  manometer  indicating  the  pressure  in 
the  reaction  vessel,  and  output  of  the  blow-through  gases.  Oxygen 
enters  the  autoclave  on  one  of  the  long  pipes.  It  is  fed  to  the  dis¬ 
tributing  plate  (board)  which  has  cuts  in  the  form  of  slits  that 
extend  to  the  edges  of  the  plate  (there  are  also  other  existing 
designs  of  devices  for  distribution  of  oxygen).  At  the  same  time, 
the  oxygen  enters  through  the  connecting  pipe  in  the  housing  flange 
to  the  ring  space  between  the  protective  steel  housing  and  the 
reaction  aluminum  vessel  where  pressure  of  52  atm.  is  maintained. 

This  makes  it  possible  to  equalize  the  pressure  in  the  inner  reaction 
volume  (inside  and  outside  the  reaction  vessel)  and  prevent 
crumpling  or  rupture  of  the  seams  of  the  reaction  vessel  (for  this 
purpose,  special  devices  are  also  often  installed  on  the  autoclaves). 

The  autoclave  acid  is  forced  out  in  the  second  long  tube  from 
the  autoclave  by  the  nitrous  gases  present  in  it.  A  connecting  pipe 
is  welded  in  the  lower  part  of  the  housing  to  the  outlet  pipe  for 
control  of  the  integrity  of  the  protective  and  reaction  vessels.  All 
the  regulators  and  control-measuring  instruments  of  the  autoclave 
are  on  the  control  panel.  It  is  placed  in  an  isolated  room. 

The  autoclaves  of  periodic  action  may  be  adapted  for  con- 
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tinuous  action.  For  this  purpose,  a  packing  is  installed  in  them 
which  consists  of  9  (and  more)  sieve-bubbling  plates  830  mm  in 
diameter  and  8  mm  thick  with  holes  2  mm  in  diameter  and  30  mm  spacing. 
The  plates  are  made  of  aluminum  brand  AVO  and  are  attached  with  the 
help  of  four  aluminum  rods  .  The  plates  and  the  rods  form  a  stack 
that  is  freely  installed  within  the  reaction  vessel  of  the  autoclave. 
The  oxygen  and  acid  pipes  pass  through  the  plates. 

Concentration  of  Nitric  Acid  with  the  Use  of  Sulfuric  A.cld 

Standard  distillation  of  diluted  nitric  acid  may  increase  its 
concentration  to  68.4%  HN0~.  This  corresponds  to  a  boiling  tempera¬ 
ture  of  the  solution  of  121. 9 °C.  At  this  temperature,  the  azeotropic 
mixture  (68.4 %  HNO^  and  31.6%  water)  begins  to  distill.  Under  pro¬ 
duction  conditions  ,  one  can  obtain  nitric  acid  with  concentration 
no  higher  than  66%. 

TABLE  1-49.  BOILING  TEMPERATURE  OF  AOUEOUS  SOLUTIONS  OF  NITRIC 
ACID  AND  COMPOSITION  OF  LIQUID  AND  VAPOR41  AT  760  mm  Hg 


Key: 

1.  Boiling  temperature  ,°C  (to  HNOo) 

2.  HNO*  content,  weight. % 

3 .  In  liquid 

4 .  In  vapors 

5.  Boiling  temperature , °C  (above  68.4%  HNOO 
*Temperature  of  formation  of  an  azeotropic  mixture. 

During  distillation  of  nitric  acid  of  varying  concentration 
at  atmospheric  pressure,  its  boiling  temperature  gradually  increases, 
while  the  concentration  of  condensate  that  is  formed  from  vapors 
approaches  68.4%  HN0.J.  In  distillation  of  nitric  acid  that  contains 
over  68.4%  HNO^,  the  first  fractions  of  condensate  will  have  greater 
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TABLE  1-50.  DATA  OK  EQUILIBRIUM  BETWEEN  LIQUID  AND  VAPOR  IN 
hnc3-k2o  SYSTEM  WITH  VACUUM3 


0> 

TeMiitpaTypa 

ftC 

Coaepj«iB»«  HNO^® 

_ 

& 
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— no - 
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MUUKOCTk 

e»r 
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HCHftKOCTb 
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flk) 

A) 

(I  p  a 

600*5*  pm. 

cm. 

U pa  450  mm  pm.  cm. 

97.3 

14,8 

0,28 

89,7 

19,8 

0.5 

102,0 

29,8 

3,3 

92,4 

27,1 

0,9 

103,5 

36,1 

6,2 

100 

43,6 

10,6 

108.2 

44,9 

18,7 

102 

52,6 

25,5 

110,8 

55,0 

'20,9 

103,8 

59,4 

30,8 

113,5 

64,2 

56,7 

105,3 

04,5 

57,7 

113,7 

67,3 

67, U 

106 

07,2 

67,0 

113,8 

67,5 

67,5 

106 

67,15 

67.15 

112,8 

73,2 

81,7 

104 

74,7 

84  4| 

102,1 

83,1 

97,2 

91,5 

85,5 

96,0 

93, 1 

88,8 

99,0 

79,5 

91,7 

98,3 

87,8 

90,3 

99,2 

74,6 

94,1 

99,0 

70,5 

96,7 

99,6 

73,1 

90,0 

99,4 

70,8 

98,8 

99,8 

72,2 

97,0 

99,3 

- 

70,0 

98,8 

99,2 

Key : 

1 .  Temperature  ,°C 

2.  HNO,  content  .weight. % 

3 .  Liquid 

4 .  Vapor 

5.  At  600  mm  Hg 

6.  At  450  mm  Hg 


acid  concentration  than  the  subsequent.  In  this  case,  because  of 
the  reduction  in  HNO^  concentration,  its  boiling  point  gradually 
rises  ,  while  the  distillable  fractions  are  united  by  the  acid  until 
the  equilibrium  condition  is  reached  at  121. 9°C  (68.4%  HN03  in  the 
liquid  and  the  vapors) . 


By  dehydrating  the  vapors  which  are  distilled  from  the  diluted 
solutions  of  nitric  acid ,  we  can  obtain  acid  of  the  required  concen¬ 
tration.  Industry  makes  extensive  use  of  92-94Z  sulfuric  acid 
(oil  of  vitriol)  as  the  water -removing  substance.  It  forms  a 
triple  system  HNO^-^SO^-^O  with  diluted  nitric  acid.  The  partial 
pressure  of  the  water  vapors  above  this  mixture  is  low  (fig.  1-72, 
1-73) . 


During  distillation  of  diluted  nitric  acid  in  a  mixture  with 
,  the  sulfuric  acid  is  diluted  with  water.  Depleted  sulfuric 
acid  is  obtained  in  which  there  is  a  small  quantity  of  HNO^  and 
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Figure  1-72.  Boiling  Point  of  Triole  Mixtures 

hn03-h2soa-h2o 

nitric  oxides.  The  latter  form  with  sulfuric  acid  nitrososulfuric 
acid  HNSO^gwith  concentration  to  0.01%.  With  subsequent  concen¬ 
tration  by  evaporation  of  the  spent  sulfuric  acid  in  order  to  obtain 
oil  of  vitriol,  the  nitrososulfuric  acid  is  broken  down. 

The  process  of  concentrating  nitric  acid  is  done  in  columns 
that  are  made  of  ferrosilide.  The  heat  necessary  for  distillation 
is  brought  to  the  column  with  live  steam.  The  released  vapors  of 
nitric  acid  are  condensed  with  a  small  quantity  of  water  vapors  when 
cooled  in  the  cooler-condensers.  The  concentrated  nitric  acid  that 
is  formed  here  is  returned  to  one  of  the  upper  plates  of  the 
concentration  column  for  blowing  off  of  the  nitric  oxides  dissolved 
in  the  acid.  Then  the  acid  is  cooled  in  a  water  cooler  and  trans¬ 
ferred  to  the  storehouse  for  finished  products . 

The  uncondensed  vapors  of  nitric  acid,  nitric  oxides,  water 
vapors  and  inert  gases  are  sent  from  the  cooler-condensers  to  small 
absorption  towers.  Here  40-45%  nitric  acid  is  formed.  It  is  sent 


•/.  HjSO, 


1 

Figure  1-73.  Equilibrium  Concentrations  of 
Nitric  Acid  in  Vapors  above  Triple  Mixtures 
HNO3-H2SO4-H20  1.  Vapor 

for  concentration  or  is  transferred  to  the  production  of  diluted 
nitric  acid.  The  gases  of  the  absorption  towers  are  removed  to  the 
atmosphere.  The  soent  sulfuric  acid  after  the  concentration  columns 
goes  for  concentration  by  evaporation  (p.  )/T  Studies  made  in 

recent  years  revealed  certain  new  relationships  of  the  main  para¬ 
meters  of  the  process  of  concentrating  nitric  acid  in  the  presence 

of  sulfuric  acid.  This  makes  it  possible  to  work  out  a  plan  for 

86  87 

automating  this  process .  ’  ' 

In  conducting  the  process  of  concentrating  nitric  acid  whose 
technological  plan  is  presented  in  fig.  1-74,  certain  work  pro¬ 
cedures  are  used  which  make  it  possible  to  intensify  distillation  of 
the  HNO^  vapors  and  increase  the  output  of  the  concentration  column: 

in  the  majority  of  cases,  about  half  of  the  diluted  nitric 
acid  is  preheated  to  115-120°C  and  sent  for  concentration  in  the 
form  of  hot  liquid  and  steam; 


Figure  1-74.  Plan  for  Concentrating  Diluted  Nitric 
Acid  with  Help  of  Sulfuric  Acid 


Key: 

1. 

2. 

3. 

4. 

5. 
6,3. 

7. 
9. 
10. 
11  ,12 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 


Concentration  column 
Cooler-condenser 
Absorption  tower 
Exhauster 
Collector 
Centrifugal  pumps 

Cooler  of  circulating  diluted  acid 
Cooler  of  production  acid 
Control  light 
Pressure  tanks 
Watery 

Vapors  and  gases 
Exhaust  gases 
To  storehouse 
Superheated  steam 
Saturated  steam 
Condensate 

Spent  to  concentration  section 


92-94 Z  of  the  sulfuric  acid  often  enters  the  concentration 
column  also  in  the  preheated  state,  etc. 


The  selection  of  points  for  input  of  the  nitric  and  sulfuric 
acids  into  the  column  is  determined  in  the  majority  of  cases  by 
experiment  since  it  depends  on  the  methods  of  assembling  the  con¬ 
centration  columns,  the  number  of  plates  (from  20  to  24),  the  diameter 
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of  the  overflow  pipes  and  other  conditions. 


Below  are  the  main  indicators  of  the  technological  regime  for 
concentrating  nitric  acid: 


Concentration  of  original  nitric  acid, 2  47-58 

Content  of  nitric  oxides  (N02)  in  original  acid  ,2, 
no  more  ^  0.15 

Vapor  pressure  (absolute)  ,  atm. 

of  saturated,  diluted  nitric  acid  fed  to  the  evaoorator  4-6 
of  heated ,  fed  to  column  15 

Vacuum  in  upper  part  of  column,  mm  Rg  20-40 

Temperature , °C 

of  vapors  of  acid  at  oulet  from  column  80-85 

at  plate  (trap)  110-120 

of  gases  after  cooler-condenser,  no  higher  40 

of  nitric  acid  after  cooler  of  finished  product, 
no  higher  35 

of  spent  sulfuric  acid  after  column  150-170 

HNCK  concentration  in  finished  product ,%  97-98.5 

Content  of  nitric  oxides  (N~0.)  in  the  finished  product, 

2  no  higher  0 . 4 

Concentration  of  sulfuric  acid  ,2  no  less 

original  92 

spent  65-68 

Content  of  nitric  oxides  (in  conversion  for  HNO~)  in 
spent  sulfuric  acid,  2  no  more  0.03 


Figure  1-75  presents  the  quantity  of  sulfuric  acid  (oil  of 
vitriol)  that  is  required  to  concentrate  the  diluted  nitric  acid, 
and  figure  1-76  presents  the  consumption  of  vapor  for  1 ^  of  HNO-j 
depending  on  the  concentration  of  nitric  and  sulfuric  acJds. 


The  consumption  coefficients  for  1 


of  concentrated  nitric 


acid: 

Diluted  nitric  acid  (in  conversion  for  1002  HNOo) , 
Sulfuric  acid  (922  H-SO,) ,  3ft 

with  concentration^!  47-492  nitric  acid 
with  concentration  of  56-582  nitric  acid 
loss  3 

Water  for  cooling ,  nr 
Steam,  million  kcal 
superheated 
saturated 

Electricity ,  kW  x  h 


1.010-1.015 

4. 0-4. 2 
2. 9-3. 2 
0.01-0.014 
30-40 


0.25-0.35 

0.2 

10-15 


5,6 


(0  Komtrnmpai(un  H50f  ,  Sec.  % 


Figure  1-75.  Quantity  of  Sul¬ 
furic  Acid  (Oil  of  Vitriol)  Re¬ 
quired  to  Concentrate  Diluted 
Nitric  Acid  Depending  on  Its 
Concentration 

Ke^:l.  Concentration  of  H9S0,  , 
weight . % 


Basic  Equipment 


0  Konutumpayu*  H^SO,  ,6c c.  % 


Figure  1-76.  Dependence  of  Con¬ 
sumption  of  Steam  for  Concentra¬ 
tion  of  Diluted  Nitric  Acid  on 
Concentration  of  Sulfuric  Acid 

Key:  t 

1.  Consumption  of  steam,  kg/2P 

2.  Concentration  of  H9SO, , 

weight. %  z  4 


Concentration  column  (fig.  1-77)  of  the  bubbling  type  consists 
of  18-24  cylindrical  steel-sheet  cylinders,  spherical  cover  and 
bottom  part  which  is  designed  to  feed  live  steam  and  is  a  small 
buffer  for  the  spent  sulfuric  acid.  The  height  of  the  steel-sheet 
cylinders  is  360  mm  (except  for  the  upper  and  lower  which  are  760  mm 
tall).  Each  steel-sheet  cylinder  has  two  overflow  connections  each. 


The  column  and  all  of  its  parts  (connections,  caps,  etc.)  are 
made  of  ferrosilide.  Asbestos  cardboard  or  paronite  impregnated  with 
bituminous  varnish  is  used  as  the  packing  material  in  assembling  the 
column.  Packing  made  of  fluoroplast  or  paronite  with  winding  of 
fluoroplast  foil  is  also  used. 


Industry  uses  columns  800-850  and  1000  mm  in  diameter  (thick¬ 
ness  of  the  walls  25  mm) .  The  total  height  of  the  column  when  the 
22  steel-sheet  cylinders  are  installed  is  9600  mm.  In  the  center  of 
each  steel-sheet  cylinder  there  is  a  hole  (vent)  350  mm  in  diameter 
for  passage  of  gases  and  steam.  It  is  covered  by  a  rough  bubbling 
cap  660  mm  in  diameter  with  slits  in  the  form  of  teeth.  The  vent 
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with  cap  guarantees  bubbling  of  the  vapors  and  gases  through  the 
layer  of  liquid  on  the  plate.  Bubbling  caps  are  not  installed  on 
those  two  steel-sheet  cylinders  to  which  high  nitric  acid  is  fed. 
Sometimes  columns  are  used  which  have  7-8  seven-ray  caps. 

The  column  operates  with  a  vacuum  of  20-40  mm  wat.  col.  ,  with 
the  exception  of  its  lower  part  where  live  steam  is  fed  to  and 
where  slight  pressure  is  maintained. 

Before  start-up  ,  the  column  is  filled  with  92%  sulfuric  acid 
and  diluted  with  water.  In  this  case,  a  considerable  quantity  of 
heat  is  released.  Then  steam  is  gradually  fed  into  the  column  and 
it  is  heated  for  5-6  h.  Only  after  this  is  feeding  of  diluted  nitric 
acid  into  the  column  and  the  corresponding  quantity  of  l^SO^  started. 

The  evaporator  is  designed  to  warm  up  the  diluted  nitric  acid 
that  is  sent  for  concentration.  Evaporators  of  the  "pipe  in  pipe" 
type  are  used  in  the  majority  of  cases.  The  internal  ferrosilide 
pipes  have  a  diameter  of  80/106  mm  and  length  of  2000  mm.  The 
external  pipes  (steam  sleeve)  are  made  of  carbon  steel. 

The  evaporator  consists  of  several  parallel  sections  (fig.  1-78) 
of  8  pipes  in  each.  The  evaporator  sections  are  interconnected  by 
lower  and  upper  collectors.  Steam  under  pressure  of  4-6  atm.  enters 
from  above  into  the  steam  sleeves  that  are  interconnected  by  connec¬ 
ting  pieces.  The  total  heat-exchange  surface  of  the  evaporator  which 
is  installed  in  each  concentration  column  is  11.5-13  m  .  The 
specific  surface  of  the  evaporator  equals  0.2-0. 3  m^/(J  x  day)  HNO^. 

Cold  nitric  acid  enters  the  lower  pipes  ,  while  the  forming 
steam-liquid  mixture  at  120°C  emerges  through  the  upper  collector. 

The  cooler-condenser  of  the  sprinkling  type  is  designed  to 
condense  vapors  of  nitric  acid.  It  is  made  of  ferrosilide  pipes 
124/100  ram  in  diameter  and  2000  mm  long  that  are  connected  into  6 
parallel  sections  with  9  pipes  in  each.  The  sections  (fig.  1-79) 
are  interconnected  by  input  and  output  collectors.  Water  is  fed  to 


sprinkle  the  pipes  through  the  distributing  trays  which  have  holes 
and  slits.  The  acid  vapors  at  80-90 °C  are  sent  to  the  upper  part 
of  the  collector.  The  concentrated  nitric  acid  with  the  nitric 
oxides  dissolved  in  it  emerge  at  30-45°C  through  the  lower  collector. 

2 

A  condenser  with  surface  of  30-40  m  (depending  on  its  output  <. 

and  the  temperature  of  the  cooling  water)  is  installed  in  each 
column.  The  specific  surface  of  the  cooler-condenser  equals  0.85- 
0.65  m^/(5  x  day)  KNO^. 

Cooler  of  concentrated  nitric  acid  (fig.  1-80) .  Coil  coolers 

of  the  submersible  type  are  usually  used.  The  coils  that  are  made 

out  of  aluminum  pipes  brand  AV-2  with  diameter  of -50/60  mm  are  placed 

in  a  tank  (housing)  made  of  carbon  steel.  The  diameter  of  the 

tank  is  1550  mm  and  the  height  is  2035  mm.  The  water  enters 

the  lower  part  of  the  tank  and  flows  out  upwards.  The  surface  of 
2 

cooling  is  30  m  .  Nitric  acid  is  cooled  from  80  to  40°C. 

Concentration  of  Spent  Sulfuric  Acid 

During  concentration  by  evaporation  of  diluted  solutions  of 
sulfuric  acid  to  a  concentration  of  70%  ^SO^  ,  only  water  evaporation 
occurs.  As  the  solution  concentration  rises  at  a  constant  tempera¬ 
ture  ,  the  pressure  of  the  water  vapors  drops  and  the  pressure  of  the 
sulfuric  acid  vapors  above  the  solution  rises. 

In  the  vapor  phase  above  the  acid  with  concentration  lower  than 
98Z  I^SO^  ,  the  I^OiI^SO^  ratio  is  greater  than  in  the  solution.  By 
heating  the  diluted  acid,  one  can  increase  the  concentration  of 
I^SO^  if  the  vapors  forming  above  the  solution  are  simultaneously 
removed.  Only  98.3%  sulfuric  acid  whose  boiling  point  is  338°C  has 
the  same  composition  of  vapor  and  liquid  phases,  i.e.  ,  forms  an 
azeotropic  mixture.  The  boiling  points  of  sulfuric  acid  are  shown 
in  fig.  1-81. 

The  spent  sulfuric  acid  is  stabilized  in  two-  and  three-chamber 
bubbling  type  concentrators  (table  1-51).  In  order  to  concentrate 
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Figure  1-77.  Concentration  Column  (One  of 
Variants) 

Key:i  Vessel  with  spring 

2.  Connecting  pipe  for  manometer 

3.  Connecting  pipes  for  thermometers 

4.  Bubbling  cap 

5.  Vent  of  plate  for  passage  of  vapors 
and  gases 

6.  Overflow  connections 

7.  Bottom  part  of  column 


[continued  from  previous  page] 

8 .  Vapors 

9.  Plates 

10.  Strong  HNO„  from  cooler-condenser 

11.  Strong  HNOo  to  cooler 

12.  Cold  diluted  UNO- 

13.  Hot  diluted  HNO^ 

14.  Spent  H-SO. 

15.  Steam 

16.  15  holes^i laced  in  two  rows 


Ke?:l.  Pipe 

2.  Steam  sleeve 

3.  Collector 

4 .  Elbow 

5 .  Support 

6.  Steam 

7.  Mixture  of  vapors  and  liquid  of  nitric  acid  to 
column 

8.  Diluted  nitric  acid 

9.  Condensate 


by  evaporation  the  spent  sulfuric  acid,  furnace  gases  are  used 
which  are  formed  during  the  burning  of  natural  gas  ,  raazut  or  rich 
gas  (see  vol.  I  of  Reference  Book  for  the  Nitrogen  Industry  Worker) . 


vl 
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Figure  1-79.  Section  of  Cooler-condenser  (F-28  m  ) 
Key: 

1 .  Pipe 

2 .  Elbow 

3.  Ferrosilide  collector 

4 .  Support 

5.  Shell 

6.  Vapors 

7 .  Water 

8.  Acid 


The fuel  gases  are  fed  to  the  concentrator  furnace  at  pressure 
of  1500-1600  mm  wat.  col.  The  furnace  gases  from  the  mixing  chamber 
first  enter  on  the  line  gas  pipes  and  bubbling  pipes  to  the  second 
condenser  chamber  in  the  acid  course.  Here,  by  bubbling  throught 
the  acid,  the  gases  intensively  heat  it,  at  the  same  time  being 
saturated  with  water  vapors.  The  gases  further  enter  the  chamber 
which  is  first  on  the  acid  course  where  they  are  additionally 
saturated  with  water  vapors,  and  at  a  temperature  of  155-160°C  are 
sent  through  the  electric  filter  to  the  exhaust  pipe.  The  gases 
that  emerge  from  the  concentrator  contain  30-40  g/m  of  sulfuric 
acid,  and  after  purification  in  the  electric  filter,  they  contain 
up  to  0.8  g/m'* 
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Figure 

1-80.  Cooler  of  Production 

Concentrated  Nitric  Acid 

Key:  ^ 

Housing 

2. 

Coils 

3. 

Precast  blocks 

4 . 

Concentrated  nitric  acid 

r 

J  - 

Water 

6. 

Drainage  of  acid  during  repair 

TABLE  1-51. 

INDICATORS  FOR  OPERATION  OF 

THREE-CHAMBER 

CONCENTRATOR  OF  SULFURIC  ACID* 

^Calculated  data  of  A.  G.  Amelin 

^e^‘l.  Distribution  of  hot  furnace  gas  over 
chambers ,  Z 

2.  Sulfuric  acid  content  in  gas  after 
third  chamber,  g/m3 

3.  First  4.  Second  5.  Third 

6.  In  form  of  fog  7.  In  form  of  vapors 


to  20  30  kO  50  60  70  60  90  >00 

Kohucnmpauu*  HaSQ|  ,  6ec.  ■Si 


Figure  1-81.  Boiling  Points  of  Solutions 
of  Sulfuric  Acid  in  Vacuum 

Key:^  Temperature , °C 

2.  mm  Hg 

3.  concentration,  weight. % 

In  order  to  reduce  the  quantity  of  fog  of  sulfuric  acid  in 

the  gases  ,  sometimes  a  snail  absorber  with  packing  sprinkled  by  the 

spent  sulfuric  acid  is  installed  in  front  of  the  electric  filter. 

The  exhaust  gases  from  the  electric  filter  contain  roughly  the 

3 

following  quantities  of  acid  admixtures:  0.2  g/m  of  foggy  sul- 

3  3 

furic  acid,  0.45  g/m  of  sulfur  dioxide  and  0.15  g/m  of  nitric 

oxides . 


Figure  1-82  presents  the  plan  for  a  unit  for  concentrating 
spent  sulfuric  acid. 

Below  are  the  basic  indicators  for  the  technological  regime: 


Concentration  of  spent  sulfuric  acid,%  65-68 

Content  of  nitric  oxides  (in  conversion  for  HNO3)  in 

spent  sulfuric  acid,  1  no  more  0.03 

Temperature  of  mazut  before  sprayer,  °C  65-75 

Pressure  of  mazut  before  sprayer, atm.  11-14 

Pressure  of  air  blower,  mm  wat.  col.  1100-1200 

Pressure  (gage)  ,  mm  wat.  col. 

of  air  at  inlet  to  furnace  800-1000 

of  gas  at  outlet  from  concentrator  45-50 

Temperature  of  gases, °C 

in  furnace  1000-1200 

156 


at  inlet  to  first  chamber 

at  transition  from  first  to  second  chamber 
at  outlet  from  concentrator 
Sulfuric  acid  concentration,  %,  no  less 
Temperature , °C 
at  inlet  to  coolers 
at  outlet  from  coolers 

Content  in  exhaust  gases  after  electric  filter 
of  sulfuric  acid,  g/m  ,  no  more 
of  oxygen  (during  operation  on  gaseous  fuel)  ,  Z 

X 

coefficients  for  1 ^  of  100%  l^SO^: 

Spent  sulfuric  acid , 

Steam,  million  kcal 
Electricity,  kW  x  h  , 

Water  for  cooling  ,  m-5  o 

Rich  gas  (calorific  value  5000  kcal /kg),  nr 
or  mazut ,  kg 
Air  ,  o-5 


800-900 

230-250 

140-160 

92 

220-240 

40-50 

0.6 

to  0.5 


1.004-1.005 

0.16-0.17 

20.0-25.0 

9.0-10.0 

97.5 

50-60 

1400-1500 


Below  are  approximate  data  on  the  effect  of  certain  factors 
on  the  output  of  the  sulfuric  acid  concentrator  and  the  temperature 
of  the  exhaust  gases: 

Indicators 


Increase  in  temperature  of 
furnace  gases  by  100°C 
Increase  in  air  pressure  before 
furnace  by  100  mm  wat.  col. 
Increase  in  temperature  of  spent 
sulfuric  acid  by  50°C 
Increase  in  concentration  of 
spent  sulfuric  acid  by  1% 

*In  helmet  pipe. 


With  a  decrease  in  the  concentration  of  sulfuric  acid  by  12 , 
the  output  of  the  concentrator  diminishes  by  3%  and  the  temperature 
of  the  exhaust  gases  by  4°C. 


Basic  Equipment 


Concentrator  (fig.  1-83)  of  the  drum  type  with  output  of 
roughly  180^7day  has  a  diameter  of  2390  mm  and  length  of  7330  ram. 


Increase  in 
output ,% 


13 

5 

9 

4 


Increase  in  tem¬ 
perature  (in°C) 
of  gases  at  outlet 
from  concentrator* 


Almost  no  effect 
6 
3 


157 


OmxojmuueQf) 


•*1  -  ft  %-nan  HjSOt,#  om&gjienua  xomfi»mpopetanu» 


as amnou  Kucnomu 


Umpaiomanrtao  capnoft  xucnoma 


7  amrxoccpe. 


Figure  1-82.  Plan  of  Unit  for  Concentrating  Spent  Sulfuric  Acid 


^ : 1 .  Pressure  vessel  for  mazut 

2.  Pump  for  mazut 

3.  Preheater 

4.  Filter 

5.  Control  preheater  of  mazut 

6.  Control  filter 

7.  Air  blower 

8 .  Furnace 

9.  Concentrator 

10.  Control  box 

11.  Cooler  of  92.5Z-94Z  K0SO, 
(Oil  of  vitriol)  4 


Acid  collector 
Pump 

Pressure  tank 
Electric  filter 
Mazut 
Air 

Exhaust  gases 

92-94 %  H2S0/  in  nitric  acid 
concentration  section 
Spent  sulfuric  acid 
To  atmosphere 
Quartz 


The  concentrator  housing  is  welded  from  sheet  carbon  steel  and 
is  reliably  protected  from  the  effect  of  acid  and  vapors  by  a 
multilayer  lining  (asbestos  cardboard,  sheet  lead,  then  again 
asbestos  cardboard,  and  finally,  two  layers  of  andesite  slabs  on 
acid-resistant  paste  or  cement) .  The  concentrator  is  divided  into 
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Figure  1-83.  Two-chamber  Concentrator  with  Furnace 

(one  of  variants) 

Ke^:l.  Input  of  spent  sulfuric  acid 

chambers  by  a  brick  partition  made  of  andesite  or  beschtaunite  that 
has  two  openings,  for  the  elbow  pig-iron  bubbling  pipes  and  for  acid 
overflow  from  one  chamber  to  another.  The  bubbling  pipes  are  made 
of  chrome  pig  iron  (25-30%  Cr)  ,  ferrosilide ,  and  less  often  from 
common  pig  iron. 

The  upper  part  of  the  concentrator  has  manholes  520  mm  in  dia¬ 
meter  and  a  connecting  pipe  to  join  the  bubbling  pipes  with  the  gas 
lines  of  the  furnace  gases  ,  and  for  input  of  the  helmet  pipe  on  which 
the  gases  emerge  from  the  concentrator.  In  the  lower  part  of  the 
concentrator  there  are  two  connecting  pipes  with  valves  for  drainage 
of  the  acid  and  sludge  during  repair  or  cleaning  of  the  apparatus. 

The  second  chamber  on  the  gas  line  is  equipped  with  a  connecting  pipe 
for  input  of  spent  sulfuric  acid,  and  the  first  with  a  connecting 
pipe  for  output  of  concentrated  acid. 

Air  blower.  The  output  of  the  air  blower  to  feed  air  into  the 

3 

concentrator  is  25,000  m  /h,  pressure  1200  mm  wat.  col.,  rotation 
rate  of  the  shaft  of  the  air  blower  2950  rpm.  The  consumption  of  air 
for  1  fot  100%  when  operating  on  mazut  or  fuel  gases  (tempera¬ 

ture  in  the  mixing  chamber  800°C)  is  roughly  1620  m^. 

Acid  pumps .  Pumps  whose  characteristics  are  given  in  table 
1-52  are  used  to  pump  the  concentrated  sulfuric  acid  and  blend. 
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TABLE  1-52.  CHARACTERISTICS  OF  PUMPS 


Tmi  nacoca 

15Kh-6L 

2Kh-9L 

2Kh-6L 

3Kh-9L 

4Kh-12L 

5Kh-13L 

Key:^ 

•  2. 

3. 

4. 

5. 


_ 

uponiioinmnb- 

Hortk 

M‘/H 


5.4-14.4 

14.4-32,4 

18.2-34,2 

28,8-54,0 

65—108 

108-180 


UJ 

Hinop 

maaRocni 


20-12 

20-13 

34- 20 

35- 27 
40-30 
35-28 


CuopoAb  npwqnnm 
Muu 
o6/muh 


1.5- 1, 9 
2, 0-2, 5 
4, 0-5,0 

7. 5- 9,0 
12,5-15,5 

18-20 


fa) 

BeoOiosmM 
MoamocTk  juinnm 
wm 


2, 8-4, 5 
2, 8-4, 5 
5,5—10.0 
10-18 
20-28 
28-40 


Type  of  pump 

Output ,  m^  /h 

Pressure  of  liquid,  tn 

Rate  of  shaft  rotation,  rpm 

Necessary  power  of  engine,  kW 


Cooler  of  oil  of  vitriol .  The  housing  of  the  coil  cooler  is 
made  of  carbon  steel  and  is  lined  with  acid-resistant  brick.  The 
pipes  of  the  coils  are  lead  or  made  of  ferrous  metals. 

Concentration  of  Nitric  Acid  Using  Magnesium  Nitrate  Melt 

Industry  also  uses  concentrated  nitric  acid  with  magnesium 

QO  QT 

nitrate  melt  as  the  dehydrating  agent. 

The  equilibrium  conditions  of  the  system  HNOj-^O-MgCNO-j)  ^ 

make  it  possible  during  heating  to  obtain  high  concentrations  of  HNO^ 

in  the  vapor  phase.  The  presence  of  magnesium  nitrate  in  aqueous 

solutions  of  nitric  acid  drastically  alters  the  composition  of  the 

azeotropic  mixture  of  nitric  acid  and  water  towards  a  reduction  in 

HNO,  concentration.  As  a  consequence,  its  content  in  the  vaoor  chase 
3  3  92 

becomes  considerably  greater  ’  than  during  distillation  of  the 
binary  system  HNO^-^O. 

The  new  method  of  concentrating  nitric  acid  with  the  help  of 
magnesium  nitrate  melt  is  based  on  these  properties  of  the  HNO3-H2O- 
Mg(N0j)2  system. 
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The  technological  and  design  makeup  of  the  process  are  reduced 
to  the  following,  In  roughly  the  middle  of  the  concentration  column, 
heated  (or  cold)  diluted  nitric  acid  is  fed.  At  the  same  time 
(several  plates  higher) ,  72-74%  magnesium  nitrate  melt  MgOTO-j^  is 
introduced.  The  HNO^ :Mg(NO.j) ^  ratio  is  maintained  in  limits  of 
1:5—1 : 7 ,  depending  on  the  concentration  of  original  nitric  acid. 

The  lower  part  of  the  concentration  column  is  connected  with 
two  shell-and-tube  boilers  that  can  be  heated  by  steam  with  pressure 
of  13-14  atm.  Circulation  of  the  mixture  of  nitric  acid  and 
magnesium  nitrate  through  the  boiler  makes  it  possible  to  supply 
heat  to  the  column  which  is  needed  for  occurrence  of  the  processes 
of  distillation  in  it  (in  the  lower  and  middle  parts  of  the  column) 
and  rectification  (in  the  upper  part).  A  temperature  of  160-170°C 
is  maintained  in  the  lower  part  of  the  column.  Rectification  is 
conducted  at  135-140°C. 

The  vapors  of  HNO^  and  i^O  that  are  formed  in  the  column  are 
washed  with  a  fresh  solution  of  magnesium  nitrate  that  additionally 
arrives  at  one  of  the  upper  column  plates.  The  vapors  emerging  from 
the  column  are  condensed  at  normal  temperature  in  the  water  cooler 
with  the  formation  of  production  acid  (98%  HNO^  and  higher).  A  small 
part  of  this  acid  in  the  form  of  reflux  is  sent  to  the  upper  plate  of 
the  column.  Its  main  quantity  is  removed  to  the  storehouse. 

The  spent  solution  of  magnesium  nitrate  that  contains  roughly 
64-69%  Mg(N02>2  0.2-0. 3%  HNO^  is  continually  removed  from  the 

cube  part  of  the  column  for  stabilization  in  -.he  vacuum- evaporator. 

The  formed  liquor- tanned  vapors  come  from  the  evaporator 
for  condensation  in  the  cooler  of  the  sprinkling  type  or  the  baro¬ 
metric  condenser.  The  condensate  that  is  obtained  in  this  case  and 
contains  1-2%  HNO-j  is  used  to  feed  the  absorption  column  or  towers 
in  the  production  of  diluted  nitric  acid. 

All  the  main  apparatus  (column,  acid  preheater,  cooler-conden¬ 
sers)  are  made  of  ferrosilide.  The  boilers  and  evaporator  are  made 
of  stainless  steel.  The  original  raw  material  for  producing  mag- 
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acid  is  used  as  the  water-removing  agent.  The  most  important 
advantages  of  the  new  method  include  lower  net  cost  of  processing 
the  diluted  nitric  acid  (roughly  by  7-10%)  and  the  lack  of  harmful 
admixtures  in  the  exhaust  gases. 

Tables  I-53-I-57  present  certain  data  on  aqueous  solutions  of 
magnesium  nitrate. 


TABLE  1-55 .  VISCOSITY  OF  AQUEOUS  SOLUTIONS  OF  MAGNESIUM 
NITRATE^J  (in  centipoise) 


I  KofmmrpMnm  Mg  NO#,  see.  % 

Tewiepa-  j _ _ 


Tg* 

„ 

82 

<4 

es 

08 

70 

72 

78 

too 

13,8 

19,0 

28,3 

36,2 

50,0 

74,0 

115,0 

. 

tio 

10,8 

14,4 

19,7 

27,2 

37,6 

52,0 

74,0 

— 

120 

8,7 

11,5 

15,4 

20,8 

28,2 

38.0 

53,0 

— 

130 

7,3 

9,4 

12,5 

10,5 

21,7 

28,5 

39,5 

65,0 

140 

— 

13,4 

17,4 

22,8 

30,0 

47,0 

150 

— 

— 

— 

— 

14,1 

18,4 

24,0 

35,0 

Key: 

1 .  Temperature  ,  °C 

2.  MgNO^  concentration  .weight. % 


TABLE  1-56.  VAPOR  PRESSURE  ABOVE  AQUEOUS  SOLUTIONS 
OF  MAGNESIUM  NITRATE3  (in  mm  Hg) 


li> 

Tnmeprrypa 

& 

Cawpwmi 

MgtNO,), 

% 

JXaanmnra 

napoa 

0) 

Teanagarypa 

*»> 

Compmamn 

Mg(NO.)« 

% 

(*> 

Aaairetoa 

napoa 

25 

41,94 

12,45 

45 

45,05 

33,22 

35 

43,04 

21,38 

50 

41,94 

49,95 

40 

45,05 

25,45 

50 

45,05 

42,88 

Key: 

1.  Temperature ,°C 

2.  MgdKJjK  content ,% 

3.  Vapor ^pressure 


The  specific  heat  capacity  c  of  the  aqueous  solutions  of  Mg (NO 

Mg(N02>2  at  18-19°C  (n*»number  of  moles  of  dissolved  Mg^JO^^  in  1  1 

of  solution) are  presented  below: 

*!•%•  *  •  *  *  *  112.2  53.91  2049 

c,  kcal/(kg  x  deg),  0.92  oas  0758 


TABLE  1-57.  SOLUBILITY  OF  MAGNESIUM  NITRATE*  IN 
AQUEOUS  SOLUTIONS  OF  NITRIC  ACID  AT  25 °C 


Coaepwamifi  ;/100* 
uacbmjeHHoro 
p/!CTBOpa 

TMpnan  tua 

- IP - 

Conepmane  */10G  r 
aacwmemioro 
pacrsopa 

(■»> 

Teepnan  $au 

UNO, 

Mf(NO.)i 

HNOa 

MC(NO.). 

0.0 

42.5 

Mg(NOs)»"6HtO 

41.0 

36.7 

Mg(NOj)*.2H*0 

25.1 

22.1 

To  we(,N 

584 

25.6 

To  we 

454 

13.2 

» 

844 

94 

» 

409 

345 

» 

91.0 

4.7 

Mg(NO*)» 

39.6 

36.0 

» 

99.6 

6.2 

To  we 

Key: 

1.  Content  g/100  g  of  saturated  solution 

2.  Solid  phase 

3.  The  same 

*Boiling  point  of '-74%  MgCNO^) ^  melt  equals  175°C. 
TABLE  1-58.  FREEZING  TEMPERATURE  OF  BLEND3 


CocTaa 

UNO. 

HjSG. 

MO.  % 

H.O 

nnoraocn, 
npe  28 

J/CJt* 

(*> 

Teancparypa 

jaMepjuiiHH 

"C 

87.97 

756 

4.67 

1.5176 

—48 

91.18 

859 

1.95 

1.5215 

-48 

8460 

1425 

21.15 

— 

(*)Hnwe  —80 

6840 

9.50 

22.10 

-42 

Key: 

1.  Composition  of  blend,  weight. % 

2.  Density  at  26°C,  g/cm-5 

3.  Freezing  temperature ,  °C 

4.  Below 


Preparation  of  Blend 

The  blend  is  a  mixture  of  concentrated  nitric  and  sulfuric 
acids  and  is  prepared  according  to  GOST  1500-57  or  according  to  the 
specifications  agreed  upon  with  the  consumer.  In  order  to  prepare 
the  blend,  the  concentrated  nitric  acid  is  fed  by  centrifugal  pump 
from  the  storage  tank  into  the  mixer.  Then  the  necessary  quantity 
of  concentrated  sulfuric  acid  is  added.  The  mixture  of  acids  is 
circulated  by  a  pump  in  the  mixer  for  roughly  30  min. ,  then  the 
obtained  blend  is  poured  into  the  storage  tank. 


According  to  GOST  1500-57,  the  blend  must  correspond  to 
the  following  requirements: 


Content, %  no  less 

HNOo  89 

HoSO,  7.5 

Nitric  oxides  (No0a)  ,%  no  more  0.3 

Calcined  residue^,  no  more  0.1 


Storage  and  Transporting  of  Nitric  Acid .  Sulfuric  Acid  and  Blend 

The  storehouse  of  concentrated  nitric  acid  and  blend  is 
located  on  an  open  platform  or  under  an  awning.  Railroad  tracks  must 
be  laid  along  the  storehouse  and  the  platform  must  be  equipped  for 
emptying  tank  cars.  The  pumping  facilities  for  pumping  the  acids 
are  placed  in  a  building  or  under  an  awning. 

The  concentrated  sulfuric  acid  is  stored  in  unlined  tanks  of 
varying  capacity  that  are  made  of  carbon  steel.  Sulfuric  acid  of 
lower  concentration,  as  well  as  the  blend  are  stored  in  steel  tanks 
lined  with  ceramic  materials.  The  storehouse  of  weak  nitric  acid 
(up  to  60%  HNO.j)  is  made  of  stainless  steel.  Concentrated  nitric 
acid  is  stored  in  vessels  made  of  aluminum. 

Acids  are  shipped  long  distances  in  railroad  tank  cars  with 

r 

carrying  capacity  from  12  to  60  It  Diluted  nitric  acid  is  sent  to 
the  small  consumers  in  glass  bottles.  Concentrated  nitric  acid  in 
individual  cases  is  poured  into  aluminum  barrels  with  capacity  of 
100-120  kg.  It  is  forbidden  to  ship  concentrated  nitric  acid  in 
barrels  and  bottles  by  railroad. 

If  the  tank  cars  are  contaminated,  before  filling  they  are 
cleaned  in  a  separate  washing  area.  The  tank  cars  for  diluted  nitric 
acid  are  made  of  stainless  steel ,  and  those  for  concentrated  nitric 
acid  are  made  of  aluminvm.  Those  for  the  blend  and  oil  of  vitriol 
(concentrated  sulfuric  acid)  are  made  of  carbon  steel. 
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General  Information 

Because  of  the  increasing  needs  of  mankind  for  food  products 
and  the  acute  need  to  increase  the  fertility  of  soils,  the  world 
production  of  mineral  fertilizers  is  developing  at  relatively  high 
rates  that  significantly  exceed  the  average  rates  of  growth  of 
other  industrial  products . 

The  rates  of  development  of  the  mineral  fertilizer  industry 
are  especially  significant  in  the  USSR  (2-fold  higher  than  in  the 
capitalist  and  develoning  countries).  In  1958,  the  Soviet  Union 
produced  12  million  JC*  of  mineral  fertilizers  (in  conventional  units), 
31.3  million  X  in  1965  (average  annual  increase  of  14.7%),  35.8 
million  X  in  1966,  and  43.4  million  T  in  1968.  In  the  next  5  years, 
the  USSR  plans  to  increase  the  output  of  mineral  fertilizers  to  48 
million  X.  The  highest  rates  of  increase  are  planned  for  1969  and 
1970  during  which  our  country  should  start  up  new  shops  and  plants 
with  total  output  of  about  13  million  “t  of  fertilizers  per  year 
(average  annual  increase  in  1966-1970,  15.8%). 

The  dynamics  for  the  production  of  mineral  fertilizers  in  the 
capitalist  and  developing  countries  is  illustrated  by  the  following 
figures  (in  million *^)  : 

Average  annual 
increase  % 

9.4 

6.5 

7.5 

7.9 

It  is  apparent  from  these  data  that  the  rates  of  growth  in 
output  of  nitrogen  fertilizers  is  higher  than  potassium,  and  especi¬ 
ally  phosphorus  fertilizers.  In  recent  decades,  the  percentage  of 
nitrogen  fertilizers  in  the  modern  structure  of  the  world  production 
of  mineral  fertilizers  has  drastically  risen.  Thus,  in  1965-1966, 
the  ratio  of  nutrients  (N^Oj.-i^O)  in  the  mineral  fertilizers  pro¬ 
duced  in  the  capitalist  and  developing  countries  was  respectively 


Nutrients 


1958-1959  1965-1966 


Nitrogen  (N)  7.92 
Phosphorus (P90c)  7.78 
Potassium  (K^O;  5.61 

Total  21.31 
♦Estimate  (approximate  data) 


14.87 

12.13* 

9.31* 

36.31 
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1:0.8:0.63.  Judging  from  the  predictions  for  1970-1975  and  subse¬ 
quent  years  ,  the  percentage  of  nitrogen  fertilizers  in  the  world 
production  of  mineral  fertilizers  will  increase  even  more. 

The  structure  of  production  of  nitrogen  fertilizers  in  the  USSR 
is  presented  in  volume  I  of  the  Reference  Book  for  the  Nitrogen 
Industry  Worker  (p.  9). 

Below  is  the  structure  for  world  production  of  nitrogen  ferti¬ 
lizers  for  1959-1965  (in  %): 


Fertilizers 

Years 

1959— 

I960— 

1981- 

1962- 

1963- 

1964  — 

I960 

1961 

1962 

1963 

1964 

1905 

Ammonium  nitrate 

28 

28 

28 

29 

29 

29 

Ammonium  sulfate 

28 

26 

23 

21 

19 

18 

Carbamide 

6 

8 

8 

9 

10 

11 

Potassium  nitrate 

5 

4 

4 

4 

3 

3 

Sodium  nitrate 

3 

2 

3 

2 

2 

2 

Calcium  cyanamide 

3 

3 

2 

2 

2 

Other  nitrogen  fertilizers 

sol  i  d 

11 

12 

13 

14 

15 

15 

liquid 

IS 

19 

19 

19 

20 

20 

*Including  ammonium  sulf ace-nitrate  and  lime- ammonium  nitrate. 


One  can  draw  the  conclusion  from  here  that  ammonium  nitrate 
(including  lime- ammonium  nitrate)  continues  to  remain  the  main 
nitrogen  fertilizer.  The  percentage  of  ammonium  nitrate  is  especially 
considerable  in  the  total  volume  of  production  of  nitrogen  fertili¬ 
zers  in  the  Soviet  Union,  and  its  leading  role  will  be  maintained 
in  the  next  10  years. 

The  percentage  of  ammonium  sulfate  in  the  world  production  of 
nitrogen  fertilizers  is  noticeably  dropping.  The  USSR  only  pro¬ 
duces  ammonium  sulfate  as  a  side  product  from  coking  coals  and  the 
synthesis  of  caprolactam. 


There  is  a  steady  increase  in  the  production  of  carbamide. 
The  scales  of  its  production  haverisen  most  significantly  in  the 


USSR,  United  States  and  Japan.  For  example,  in  the  last  two 
countries ,  the  volume  of  carbamide  production  in  1960  was  respective¬ 
ly  666,000  and  660,000  X,  and  in  1966  increased  to  1,615  and  1,504 
million  X.  In  the  Soviet  Union ,  the  production  of  carbamide  during 
this  period  rose  29-fold.  Its  percentage  as  concentrated  fertilizer 
will  increase  in  future  years  in  the  balance  of  nitrogen  fertilizers , 
but  at  slower  rates.  One  should  note  the  general  trend  towards  a 
transition  to  producing  more  concentrated  fertilizers  which  is 
characteristic  both  for  the  nitrogen  industry  of  the  USSR  and  as  a 
whole  for  the  domestic  industry  of  mineral  fertilizers.  The  nitro¬ 
gen  concentration  in  nitrogen  fertilizers  produced  in  the  USSR  in 
1965  was  33%. 

Liquid  fertilizers  occupy  second  place  in  the  world  production 
of  nitrogen  fertilizers .  The  United  States  makes  extensive  use  of 
liquid  fertilizers.  This  country  in  1964  used  56%  of  the  production 
of  fixed  liitrogen  in  the  form  of  liquid  fertilizers  (liquid  ammonia 
and  ammoniates).  The  production  of  ammoniates  in  the  United  States 
primarily  used  ammonium  nitrate  and  carbamide.  Ammonia  water  is 
used  on  insignificant  scales  as  a  nitrogen  fertilizer. 

The  consumption  of  liquid  nitrogen  fertilizers  in  the  United 
States  is  characterized  by  the  following  data  (in  thousand  X  of  nitro¬ 
gen)  : 


(1) 

row 

c» 

Huuural  una 

(82%  N) 

AMOHUOTW 

(30—60%  N) 

(¥) 

Ammtiaaft 

BOM 

(20-28%  N) 

1ST 

Bcaro 

1959—1960 

507,0 

144,0 

88,0 

739.0 

1960—1961 

616,0 

255,0 

77,0 

948,0 

1961—1962 

707,2 

343.4 

99,2 

1141.5 

1962-1963 

884,2 

438,4 

102.2 

1424,8 

1966-1967 

1803.5 

766,6 

156.7 

2726,8 

Key: 

1 .  Years 

2.  Liquid  ammonia  (82%  N) 

3.  Ammoniates  (30-50%  N) 

4.  Ammonia  water  (20-25%  N) 

5.  Total 
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The  United  States  also  manufactures  liquid  complex  fertilizers , 
triple  with  percentage  ratio  of  N:P20^:K20  equal,  for  example,  to 
8:16:8;  10:10:10;  5:10:10,  and  double,  containing  N  and  in 

ratios  of  8:24;  12:36;  10:15  etc.  However,  the  quantity  of  nitrogen 
that  is  used  in  the  form  of  liquid  complex  fertilizers  is  very  small 
in  the  balance  of  U.S.  nitrogen  fertilizers.  For  example,  in  1966- 
1967  ,  only  7%  of  the  complex  fertilizers  were  used  in  the  liquid  form. 

Liquid  fertilizers  ,  both  nitrogen  and  complex ,  are  produced 
in  other  countries  in  very  small  quantities.  The  large  percentage 
of  liquid  fertilizers  in  the  world  production  of  nitrogen  fertilizers 
is  therefore  due  to  the  large-scale  production  of  them  in  the  United 
States.  By  the  .end  of  the  current  five-year  plan,  the  Soviet  Union 
plans  a  noticeable  rise  in  the  consumption  of  liquid  ammonia  as  a 
fertilizer,  except  for  ammonia  water. 

In  contrast  to  the  United  States,  the  West  European  countries 
(FRG ,  England,  France,  Italy)  produce  triple  and  double  solid  com¬ 
plex  fertilizers  in  large  quantities.  In  1964-1965,  30.5%  of  the 
nitrogen  fertilizers  in  these  countries  were  produced  in  the  form  of 
complex  fertilizers.  The  United  States  and  Japan  also  manufacture 
ammonia  phosphates  as  complex  fertilizers  (ammophos,  diammophos ,  etc.) 
which  contain  over  60%  nutrients  (N  and  P2O3) •  The  United  States 
used  32.9%  fixed  nitrogen  total  in  the  form  of  complex  (complex  and 
mixed)  fertilizers  In  1966-67. 

Japan  has  begun  production  on  an  industrial  scale  of  slowly 
assimilated  carbamide- formaldehyde  fertilizers  and  ammophoska  which 
includes  carbamide- formaldehyde  complexes. 

The  Soviet  Union  plans  in  the  near  future  to  primarily  develop 
the  production  of  concentrated  complex  and  mixed  fertilizers.  Con¬ 
sequently,  a  more  significant  part  of  the  production  of  fixed  nitro¬ 
gen  will  be  used  in  the  form  of  complex  fertilizers.  Part  of  the 
one-sided  (single)  fertilizers,  including  the  nitrogen,  is  currently 
used  to  produce  fertilizer  mixtures.  It  is  planned  in  the  future 
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to  introduce  at  a  number  of  plants  new  methods  for  producing 
complex-mixed  and  mixed  fertilizers  and  to  set  up  production  of 
single  and  complex  fertilizers  for  dry  fertilizer  mixing.  In  this 
case  ,  all  the  nitrogen  fertilizers  will  be  produced  in  noncaking 
forms . 


1.  Ammonium  Nitrate 


Physical-Chemical  Properties  of  Ammonium  Nitrate 

Ammonium  nitrate  NH^NOg  in  the  pure  form  is  a  white  crystal 
substance  (molar  weight  80.043)  which  contains  60%  oxygen,  5%  hydro¬ 
gen  and  35%  nitrogen  in  ammonia  and  nitrate  forms.  The  technical 
product  has  a  white  color  with  yellowish  hue  and  contains  no  less 
than  34.2%  nitrogen. 


The  main  physical  and  chemical  properties  of  ammonium  nitrate 


are  presented  below: 

3 

Density,  g/cm  ~ 
Bulk  density,  g/cmJ 
of  freely  poured 
granules  (1%  mois¬ 
ture  content ,20°C; 
particles  1-2  mm) 
with  dense  packing 
of  particle's 
Temperature  ,°C 
melting 
decomposition 


1.69-1.725 


0.8262 

1.1636 

169.6-170.4 
over  190 


Heat 

of  melting  ,  kcal /kg 
of  formation  from  simple 
substances  (at  18°C  and 
1  atm.),  kcal /mole 
Coefficient  of  heat  con¬ 
ductivity  (at  0-100°C)  , 
kcal/(m  x  h  x  deg) 


16.2 

87.2 

0.205 


The  specific  heat  capacity  of  the  ammonium  nitrate  jr  (in  kcal / 
(kg  x  deg))  depending  on  the  temperature,  changes  as  follows: 

t,°C  —100  0  10  20—28  100  82-124 

m^m  0306  0397  0398  0422  0.428  0426 


The  angles  a  of  rest  of  ammonium  nitrate  with  varying  relative 
humidity  E  of  the  air  and  temperature  10- 30 °C  have  the  following 
values : 


1 

• 
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At  io°e 
50  60  70 

36  36  38.5 


At  20°C 

40  50  60  70 
36  36.5  37  45 


30 

34 


\ 


4- 


r 


■ 


At  30°C 

40  50  60 
35  37  37 


Ammonium  nitrate  can  be  crystallized  in  five  different  modi¬ 
fications  (I,  II,  III,  IV,  V)  as  well  as  in  the  metastable  form  with 
area  of  transition^-  in  the  temperature  interval  44-57°C.  Poly¬ 
morphous  transformations  of  crystals  (transition  of  one  crystal 
modification  into  another)  are  accompanied  by  a  change  in  the  density 
and  organic  chemistry  of  the  crystals  and  the  release  of  a  different 
quantity  of  heat  (tables  II-l  ,  II-2) . 

Crystals  of  ammonium  nitrate  of  rhombic  shape  which  are  stable 
at  temperatures  from  -16.9  to  +32.3°C  do  not  cake  and  are  the  best 
form  of  nitrate  when  it  is  used  as  a  fertilizer.  At  a  temperature 
above  32.3°C,  the  ammonium  nitrate  crystals  increase  in  volume. 


TABLE  II- 1.  CRYSTAL  MODIFICATIONS  OF  AMMONIUM  NITRATE2'4 


Modifications 

Temperature  of 
stability  of  crystal 
modifications . °C 

Density  of 
Crystals  p 

_ 

Cubic  (I) 

169.6-125.2 

Tetragonal  (II) 

125.2-84.2 

1. 69(84. 2°C) 

Rhombic  or  monoclinal  (III) 

84.2-32.3 

1. 66(32. 3°C) 

Rhombic  bipyramidal  (IV) 

from  +32.3  to  -16.9 

1 . 725  ? 

Tetragonal  (V) 

below  -16.9 

1.725J  Pcp 

TABLE  II- 2. 


HEATS  OF  CONVERSIONS  OF  MODIFICATIONS  OF  AMMONIUM  NITRATE 
NITRATE2'4 


Key: 

1.  Conversions  4.  Melted  salt 

2.  Temperature  ,°C 

3.  Heat  of  conversion,  cal/g 
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’-SO  -16,9  a  J2J  SO  WOO  KSgtSO tssfi  200  230 
Z  Tennepamypa ,  T 

Figure  II-l.  Dependence  of  Specific 
Volume  of  Crystals  of  Ammonium  Nitrate 
on  Tenroerature 


I.  Cubic  -modification  (regular) 

II.  Tetragonal 

III.  Rhombic  or  monoclinal 

IV.  Rhombic  bipyramidal 

V.  Tetragonal  -  -  ~  2 

1.  Specific  volume  cmJ/g  or  in-3 /kg,  or  nr/7' 

2 .  Temperature , °C 

3.  Melted  salt 


The  dependence  of  the  specific  volume  of  crystal  modifications 
of  ammonium  nitrate  on  the  temperature  is  presented  in  fig.  II-l. 

Ammonium  nitrate  is  a  strong  oxidizer  of  a  number  of  inorganic 
and  organic  compounds.  It  reacts  intensively  with  certain  sub¬ 
stances  that  are  in  a  molten  state  (for  example,  with  sodium  nitrite 
melt)  all  the  way  to  explosion. 

If  gaseous  ammonia  is -passed  over  solid  ammonium  nitrate, 
then  a  very  mobile  liquid  Is  rapidly  formed,  ammoniate  (compounds  of 
the  type  2NH4N03  x  2NH3  or  NH4N03  x  3MH3) . 

Ammonium  nitrate  dissolves  well  in  water  (table  II-3)  ,  in 
ethyl  and  methyl  alcohols,  pyridine,  acetone  and  liquid  ammonia. 


- 


TABLE  II- 3.  SOLUBILITY  OF  AMMONIUM  NITRATE  IN  WATER4 


(1) 

TeMircparypa 

CC 

- aa - 

Pacraopmocr*  NH« NO, 
_ . _ , _ uai 

(If 

Tenneparypa 

— - 

PaenopimocTk  NH«NO> 

BOOM 

a/100'7i 

pacrtop* 

•c 

0 

5 

1,198 

1,343 

54,49 

57,31 

90 

7,718 

88,53 

to 

1,497 

59,96 

95 

8,748 

89.74 

15 

1,676 

62,63 

100 

9,942 

-20 

1,872 

62,18 

105 

11,470 

91.98 

25 
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Key: 

1 .  Temperature  ,  °C 

2.  Solubility  of  NH.NCK 

3.  kg /kg  of  water  J 

4.  g/100  g  of  solution 


Figure  I 1-2.  Heat  Capacity  of  Aqueous 
Solutions  of  Ammonium  Nitrate  at  25 °C 

Key*. 

1.  Specific  heat  capacity 
cal / (g  x  deg) 

2.  Content  of  NH^NO^  ,% 


Ammonium  nitrate  is  dissolved  in  water  with  absorption  of  a 
large  quantity  of  heat ,  therefore  with  an  increase  in  temperature , 
the  solubility  of  NH^NO-j  considerably  rises.  When  ammonium  nitrate 
is  dissolved  in  an  equal  volume  of  water,  the  temperature  of  the 
solution  diminishes  roughly  by  25®C,  for  example  from  15°C  to  -10°C 

With  increased  humidity  and  temperature  of  the  air ,  the 
volume  of  ammonium  nitrate  increases  roughly  1.5- fold. 


Great  efforts  are  required  to  crush  completely  dry  particles 


TABLE  II-6 .  BOILING  POINT  OF  AQUEOUS  SOLUTIONS  OF 
AMMONIUM  NITRATE5 


LA 

~txt 

~zxr 

~nr 

~7xy~ 

KoaneHTw 

JaBJie- 

KoHnefn- 

Uaane- 

Keene  HT- 

JJaBJie- 

Typi 

paauH 

HH6,  MM 

paaufl 

HHe,  MM 

KHueHBf! 

pauufl 

Hue,  MM 

KMnetum 

bcc.  % 

pm.  cm. 

°c 

bcc.  % 

•pm.  cm. 

“C 

Bee.  % 

pm.  cm. 

•c 

56.0 

1688 

74,5 

84.7 

463,2 

120,8 

96.9 

6484) 

1898 

366.8 

93.2 

763.2 

1378 

756.6 

196.0 

461.8 

766.8 

99.2 

112.8 

88.5 

176.0 

95.6 

973 

1644) 

143.5 

2684) 

110.0 

2124) 

155.0 

62.6 

161.0 

74.0 

757-8 

146.5 

292.0 

167,0 

250.8 

750.8 

84.5 

115.9 

91.92 

148.0 

200.0 

98.0 

1084) 

470.0 

572.0 

186.2 

193.5 

70.0 

144.4 

74.0 

470.0 

140,6 

97.6 

3572 

178.2 

256,4 

88,0 

570,0 

148.1 

457.2 

187.6 

356.4 

756.4 

97.0 

120.2 

94.99 

156.0 

118.0 

587.2 

198.2 

240.6 

132.8 

98.57 

1604) 

154.4 

75.6 

151-0 

77.6 

340.6 

145.2 

186.0 

172.5 

251.0 

92.3 

540.6 

163.0 

2494, 

191.5 

351.0 

101.7 

740.6 

176.0 

309.6 

199.5 

4514) 

1094) 

96.9 

176.6 

139.8 

649.6 

749.6 

219.0 

226.0 

84.7 

180.0 

90.8 

240.0 

151.5 

263-2 

104.2 

421*0 

173.5 

Key: 

1.  Concentration,  weight. % 

2.  Pressure  *  mm  Hg 

3.  Boiling  point, °C 


TABLE  II-7 .  PRESSURE  OF  WATER  VAPORS  ABOVE 
SOLUTIONS  OF  AMMONIUM  NITRATE2 
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saturated  nitrate  solution,  then  it  will  dry  up.  The  pressure  of  the 
water  vapors  in  the  air  in  rare  cases  is  equal  to  their  pressure 
above  the  saturated  nitrate  solution.  In  this  case,  an  equilibrium 
state  occurs  the  nitrate  does  not  absorb  or  give  off  moisture. 


TABLE  II-8 .  SURFACE  TENSION  a  OF  SATURATED  AQUEOUS 
SOLUTIONS  OF  AMMONIUM  NITRATE6  (in  dyne /cm) 
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Hygroscopicity  of  ammonium  nitrate  (or  other  hygroscopic  salts) 
is  characterized  by  so-called  hygroscopic  point ,  the  ratio  of  pres¬ 
sure  of  the  saturated  water  vapor  above  the  solution  of  the  given 
substance  to  the  pressure  of  water  vapor  that  saturates  the  air  at 
the  given  temperature  (i.e.  ,  the  relative  air  humidity  at  which  the 
substance  does  not  lose  water  and  does  not  absorb  it  from  the  air) . 
The  pressure  of  the  water  vapors  that  saturate  the  air  changes  very 
strongly  depending  on  the  temperature. 

The  hygroscopic  points  of  ammonium  nitrate  (in  7.)  have  the 
following  values : 

Hygroscopic  point  ,Z  6M  „„  ^  KS  s  j 

Temperature ,  °C  10  15  20  25  30  «  so 

It  follows  from  these  data  that  a  moist  and  warm  climate  is 
very  unfavorable  for  storing  ammonium  nitrate. 

The  only  factor  which  can  be  regulated  in  order  to  reduce  the 

g 

rate  of  vapor  absorption  is  the  size  of  the  salt  surface.  The 

larger  the  salt  particles,  the  smaller  its  surface;.  However,  the 

presence  of  large  particles  creates  conditions  for  the  penetration 

of  air  into  the  mass  of  the  salt,  and  consequently,  a  larger  surface 

participates  in  the  process  of  moisture  absorption.  It  can  be 

considerably  reduced  if  the  Darticles  of  ammonium  nitrate  are  covered 

8  9 

by  hydrophobic  film.  ’ 

For  several  years  the  Soviet  Union  has  been  covering  ammonium 
nitrate  with  paraffin  mazut  in  order  to  reduce  the  rate  of  absorption 
of  moisture  from  the  air.  The  results  of  this  treatment  of  the 
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product  have  been  quite  satisfactory  ,  since  the  rate  of  moisture 
absorption  from  the  air  was  drastically  reduced,  but  this  procedure 
was  not  safe  and  it  had  to  be  abandoned. 
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Figure  II-3.  Nomogram  to; Determine  the  Equilibrium  Pressures  of 
Water  Vapor  above  Saturated  Solutions  of  Ammonium  Nitrate  Depending 
on  the  Temperature  and  Air  Humidity 

Key: 

1.  Pressure  of  water  vapor,  mm  Hg 

2.  Relative  air  humidity,  Z 

3.  Region  of  wetting 

4.  Region  of  drying 

5.  Solubility  of  HN-NOo,  kg  per  1000  g  of  water 

6.  Temperature  ,°C 


Figure  II-3  presents  a  nomogram  to  determine  the  equilibrium 

pressures  of  water  vapor  above  the  saturated  solutions  of  ammonium 

2 

nitrate  with  different  temoeratures  and  air  humidity.  The  nomogram 


shows  equilibrium  relative  air  humidity,  whose  temperature  equals 
the  temperature  of  ammonium  nitrate.  In  addition,  regions  are 
isolated  of  drying  and  wetting  of  the  solid  ammonium  nitrate. 

By  knowing  the  hygroscopic  point  of  ammonium  nitrate  (or 
correspondingly  the  pressure  of  the  vapors  above  its  saturated 
solutions),  one  can,  by  starting  from  the  average  meteorological 
data  on  temperature  and  pressure  of  the  air  vapors  ,  determine  the 
degree  of  absorption  of  moisture  or  drying  of  the  salt  at  any  time 
of  the  year  and  in  different  climate  regions. 

The  rate  of  absorption  by  ammonium  nitrate  of  moisture  from 
the  air  with  an  increase  in  its  temperature  is  drastically  increased. 
Thus,  at  40°C,  the  rate  of  moisture  absorption  from  the  air  is  2.1- 
fold  greater  than  at  23°C. 

It  has  been  established  that  mixing  of  ammonium  nitrate  with 
superphosphate,  precipitate,  potassium  chloride,  ammonium  chloride, 
ammonium  sulfate  and  other  substances  makes  it  possible  to  improve 
the  friability  of  the  finished  products  to  a  greater  or  lesser  degree. 
However,  the  hygroscopicity  of  these  mixtures  remains  high.**  The 
hygroscopic  points  of  the  mixtures  of  ammonium  nitrate  with  certain 
salts  (at  30°C)  are  given  below: 

Mixture  of  salts  Hygroscopic  point ,Z 


(molar  ratios) 

NHtNOt .  594 

NH,NO*-HNH«hSOt  .  82.3 ' 

NH«NOi+KNO» .  59.9 

NHtNO»+NH«HiPO«  .  580 

NH4NO,+  I¥H4Cl  .  514 

NH4NO»+N«NO« .  48.3 

NH4NO,+C«(HtPO«)fHtO  +  NH4Cl  +  N»NO*  .  .  422 

NH4N0*+C*(H»P0t),.H|0+C4(N0s)».4Hl0  .  28.2 

NH4rfO,+C*(NO*)f4HiO .  234 

NtUNOi+COlNHih .  18  1 


Somewhat  better  results  are  reached  in  mixing  or  alloying 
ammonium  nitrate  with  salts  that  chemically  interact  with  it ,  for 
example: 
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NH4NOs+  KCL  =  KNO,+  NH«C1 
2NH«N0,  +  (NH«)»SO«  «*  (NH4)*SO«  •  2NH4NO, 


Granulation  of  ammonium  nitrate  also  results  in  a  decrease  in 
the  rate  of  moisture  absorption  by  the  salt  from  the  air.  The 
granulated  ammonium  nitrate  has  a  smaller  surface  than  the  fine 
crystalline  product ,and  therefore  absorbs  the  moisture  from  the  air 
at  a  slower  rate.  The  hygroscopicity  of  the  ammonium  nitrate  is  one 
of  the  reasons  for  its  caking. 

Caking' 

Ammonium  nitrate  cakes  strongly  and  loses  friability  during 
storage,  and  under  certain  conditions  is  even  converted  into  a  mono¬ 
lithic  mass  that  is  difficult  to  pulverize.  A  lot  of  labor  has  to 
be  expended  to  crush  1  t  of  this  nitrate  before  it  is  added  to  the 
soil. 


The  addition  of  certain  inorganic  additives  to  ammonium  nitrate 
makes  it  possible  only  to  reduce  its  caking,  but  does  not  make  it 
possible  to  obtain  fertilizer  that  meets  the  requirements  of  agri¬ 
culture  for  friability. 

In  order  to  obtain  ammonium  nitrate  which  would  maintain  for 
a  long  time  100%  friability,  a  new  technological  plan  has  been  worked 
out.  It  stipulates  procedures  that  make  it  possible  to  prevent 
caking  of  the  finished  product  for  no  less  than  6  months  of  storage 
under  different  climate  conditions. 

The  caking  of  ammonium  nitrate  is  due  to  many  reasons^"*® * 
14-21,23  0£  the  ch±ef  are.* 

increased  moisture  content  in  the  finished  product? 
heterogeneity  and  mechanical  weakness  of  the  particles; 
change  in  the  crystal  modifications  of  the  salt; 
hygroscopicity. 


The  particles  of  ammonium  nitrate  of  any  shape  that  were 
obtained  according  to  the  previously  active  production  plans  con¬ 
tained  0.8-1%  moisture  in  the  form  of  mother  liquor  (saturated).  The 
NH^NO^  content  in  this  solution  corresponds  to  the  solubility  of 
salt  at  the  temperatures  of  loading  it  into  the  container.  When 
the  nitrate  cools  ,  the  mother  liquor  passes  into  the  supersaturated 
state ,  and  if  there  is  a  further  drop  in  temperature ,  salt  crystals 
0.2-0. 3  mm  in  size  precipitate  out  of  the  supersaturated  solution. 
These  new  crystals  link  the  previously  unbound  salt  particles  ,  as 
a  consequence  of  which  the  nitrate  is  converted'  into  a  caked  mass. 

The  number  of  crystals  released  from  the  mother  liquor  as 
the  salt  temperature  changes  can  be  judged  from  the  data  presented 
in  figure  II-4.  For  example,  with  cooling  of  the  salt  that  when 
put  into  the  container  has  1%  moisture,  from  70  to  10°C,  about  40  kg 
of  new  crystals  precipitate  out  for  every  ton  of  finished  product. 

It  follows  from  here  that  the  lower  the  moisture  content  of 
the  product  and  the  lower  its  temperature  when  packed  into  the  con¬ 
tainer  ,  the  lower  the  caking  of  the  salt  will  be  with  other  condi¬ 
tions  equal. 

Ammonium  nitrate  is  manufactured  in  the  form  of  round  particles 
(granules),  less  often  in  the  form  of  flakes,  as  well  as  in  the  form 
of  small  crystals.  Nitrate  particles  of  any  shape  are  generally 
nonuniform.  Granules  have  the  most  regular  shape,  however,  even 
among  them  there  is  occasionally  a  large  number  of  particles  of  unequal 
shape,  especially  hollow  granules  that  are  distinguished  by  low 
mechanical  strength.  These  granules  are  crushed  already  under  slight 
pressure. 

When  granulated  nitrate. that  is  packed  in  containers  is  stored 
in  stacks  2.5  m  high  each,  the  salt  is  exposed  to  great  pressure 
under  its  own  weight.  As  a  result  of  this,  the  nitrate  particles 
are  crushed.  They  contain  an  increased  quantity  of  moisture  and  form 
dust.  It  compacts  the  nitrate  mass  and  increases  its  caking. 
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Figure  II- 4.  Quantity  of  NH.NO,  Contained 
in  Form  of  Saturated  Solution  in  Finished 
Product  with  Varying  Temperature  and 
Moisture  Content  from  0.3  to  2Z. 

Key:.  Quantity  of  NH.NOo  in  form  of 
1 ‘  saturated  soiugioti,  kg  ire 
2.  Temperature  ,°C 


Practice  has  demonstrated  that  the  presence  of  hollow  particles 
in  the  granulated  ammonium  nitrate  and  their  destruction  rapidly 
accelerate  the  caking  process.  In  this  case,  "inoculation"  of  the 
mass  of  fairly  strong  particles  with  fragments  of  crystals  seems  to 
occur.  It  has  been  established  that  the  hollow  granules  are  exposed 
to  recrystallization  to  the  greatest  degree. 

Mutual  transitions  of  crystalline  modifications  of  ammonium 
nitrate  under  the  influence  of  temperature  changes  should  be  con  - 
sidered  one  of  the  important  reasons  for  its  caking.  As  noted  (p.174) 
the  modification  transformations  of  the  crystals  are  accompanied  by 
changes  in  their  structure  ,• density  and  other  properties  of  the  ammo¬ 
nium  nitrate  which  influence  the  friability  of  the  product. 

One  of  the  five  crystal  modifications  of  ammonium  nitrate  that 
exists  at  a  temperature  below  32.3°C,  as  indicated  above,  is  essenti¬ 
ally  noncaking. 

At  the  previously  active  productions  of  ammonium  nitrate,  the 
salt  was  loaded  into  a  container  at  a  temperature  not  below  50°C 
in  the  summer.  The  salt  temperature  was  only  lower  in  the  x*inter  and 
with  cooling  of  the  product  in  apparatus  with  a  fluidized  bkk/fsee 
(p.  228).  Under  these  temperature  conditions,  the  modification 


transformations  of  the  nitrate  crystals  are  inevitable  with  an  in¬ 
crease  in  the  caking.  The  force  of  the  compressed  caked  granulated 
ammonium  nitrate  that  is  loaded  into  the  container  at  temperatures 
above  32“C  rises  strongly.  This  can  mainly  be  explained  by  the 
modification  transformations  that  occur  when  salt  that  has  a  high 
temperature  and  increased  humidity  is  loaded  into  the  container. 

The  hygroscopicity  that  is  inherent  to  ammonium  nitrate 
severely  promotes  its  caking.  With  a  change  in  the  pressure  of  the 
water  vapors  in  the  air  depending  on  the  geographical  zone ,  season 
and  even  day ,  the  ammonium  nitrate  is  wetted  or  dries  up  since  the 
container  (paper  sacks)  is  air-permeable.  The  caking  is  influenced 
especially  strongly  by  the  absorption  by  the  salt  of  the  moisture  in 
the  air.  The  saturated  solution  that  is  formed  in  the  upper  layer 
of  the  nitrate  gradually  penetrates  into  the  space  between  the 
granules ,  then  through  the  pores  and  capillaries  passes  into  the 
mass  of  the  salt.  With  a  further  drop  in  temperature  of  the 
surrounding  medium,  processes  begin  to  occur  which  increase  the 
caking  of  the  ammonium  nitrate  (see  above). 

In  order  to  reduce  the  effect  of  hygroscopicity  of  the  nitrate 
on  its  caking,  the  most  effective  measure  is  packing  the  product  in 
a  hermetically  sealed  container  ,  for  example ,  in  polyethylene  bags . 

Other  methods  are  also  used  to  reduced  caking, 2 ^particular, 

the  addition  to  the  nitrate  of  such  additives  as  products  of  nitric 
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acid  breakdown  of  dolomites  (DLM  additive)  or  apatite  or  phosphorite 
powder  (RAP,  REM  additives)12’23. 

Thermal  Breakdown 

During  lengthy  heating ,  solid  ammonium  nitrate  initially  melts , 
and  at  110-150°C  begins  to  dissociate: 

NH«NO»  — *  NH,+  HNO, -41.73  kcal  <IM) 

The  rate  of  this  reaction  at  atmospheric  pressure  is  low. 
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Ammonium  nitrate  breaks  down  with  further  heating: 

NH«NOs  — *  N|0 + 2H|0 4- 882  kcal  (H-2) 

According  to  the  data  of  some  researchers  ,  this  reaction 
begins  at  170-1908C,  and  according  to  others,  at  2108C. 


It  is  thought  that  thermal  breakdown  of  ammonium  nitrate  occurs 

0  / 

successively  in  the  following  stages:  hydrolysis  (dissociation)  of 

the  salt ,  thermal  breakdown  of  the  nitric  acid  that  is  formed  in 
hydrolysis,  interaction  of  the  oxides  of  nitrogen  and  ammonia 
obtained  in  the  first  two  stages. 

With  intensive  heating  of  the  ammonium  nitrate  to  220-2408C, 
its  breakdown  in  individual  cases  can  cause  a  flash  of  the  melted  salt 
mass.  The  presence  of  moisture  in  the  ammonium  nitrate  has  a  very 
strong  effect  on  the  composition  of  gases  formed  during  its  thermal 
breakdown.  Thus,  when  dry  nitrate  is  heated  to  220 °C,  the  gas  phase 
contains  71.2%  N20 ,  2.5%  02  and  26.3%  of  other  components.  When 
moist  nitrate  is  heated  to  2208C,  the  gas  phase  has  45%  N20 ,  13%  NO, 
10%  NH3,  6.12%  02  and  28-35%  N2. 

The  breakdown  of  ammonium  nitrate  can  also  occur  according  to 
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the  following  reactions  : 

NH*NO*  — ►  lf*+  2B«0+ V*0»+ 2Mkcatymole<355kcal/kg  (II-3) 

2NH4NO1  — ►  Ni+2N0+4Ht04*6>fccal/Hole  (8fkcal)tg'/  (IM) 

3NH4NO3  — ►  2Ni+  NO+ NO|+ 6H1O  +  183kcaJ/tnole(231  lcca^k.9  <11-5) 

4NH4NO1  — ►  3Ni+2NO>+8H*O+244kcaItn«leO05  kca}kg  (II-6) 

5NH«NO,  — *>  2HNO»+4N|+9HtO+ SMkcaibole  (3823kcalfeg)  (II-7) 

8NH4HO*  — *  5Ni+4NO+ 2NOt+  I6H1O+  lN*kca]Aaoie(195kcaykg  (1 1-8) 

*NH«NO,  — *  2N H»+  380*  + 170+  Pf*+  SHfO— 20.7kcaJ/tBple (—259 kca^rtcg  (H-9) 

The  breakdown  of  ammonium  nitrate  is  considerably  intensified 
when  it  is  heated  in  the  presence  of  nitric ,  hydrochloric  and 
sulfuric  acids,  certain  organic  substances  (for  example,  oil ,  paraf¬ 
fin!  and  many  metals  in  powder  state  (zinc,  copper ^  etc.).  Ammonium 
nitrate  in  the  form  of  a  melt  does  not  react  with  iron ,  tin  or 
aluminum.  In  the  presence  of  substances  that  increase  the 
sensitivity  of  ammonium  nitrate,  the  temperature  of  its  breakdown 


189 


drops  ,  in  particular  in  the  presence  of  oil  and  chlorides  in  NH^NO-j 
solutions  that  can  be  concentrated  by  evaporation. 

The  tendency  of  ammonium  nitrate  to  break  down  under  the 
influence  of  high  temperatures  is  significantly  reduced  in  the 
presence  of  calcium  and  magnesium  nitrates,  limestone  dust,  trical¬ 
cium  phosphate  and  especially  carbamide. 

Thermal  breakdown  of  ammonium  nitrate  with  an  increase  in 
pressure  (to  a  certain  limit)  can  be  intensified.  Under  pressure  of 
about  6  atm  and  corresponding  temperature^  a ,  the  entire  mass  of 
melted  nitrate  is  rapidly  broken  down.  In  order  to  prevent  (or 
suppress) breakdown  of  nitrate  at  high  temperatures,  regardless  of 
the  presence  or  absence  in  the  salt  of  the  substances  listed  above, 
it  is  most  effective  to  maintain  an  alkaline  medium  when  concentrating 
NH^NO^  solutions  by  evaporation. 

Ammonium  nitrate  is  not  very  sensitive  to  jolts,  impacts,  fric¬ 
tion  and  sparks ,  and  only  explodes  under  the  influence  of  a  strong 
detonator,  during  thermal  breakdown  in  a  closed,  limited  volume  or 
during  heating  of  densely  caked  nitrate.  The  process  of  breakdown 

can  end  with  an  explosion  as  a  consequence  of  secondary  reactions 

25 

in  the  gas  phase. 

When  nitrate  interacts  with  certain  reducers  (copper,  sulfides, 
pyrite  etc.),  ammonium  nitrite  is  formed.  In  its  presence  the  pos¬ 
sibility  of  nitrate  explosion  drastically  rises.  With  an  increase 
in  the  particle  size  of  ammonium  nitrate,  its  sensitivity  to  explo¬ 
sion  is  very  reduced. 

Losses  of  ammonium  nitrate  during  its  thermal  breakdown  are 
comparatively  low.  For  example ,  when  a  melt  is  produced  that  con^ 
tains  98.5-99%  NH^NO^,  in  an  industrial  evaporator  under  high  tempera¬ 
ture  conditions,  the  following  losses  of  nitrate  because  of  its 
thermal  breakdown  are  observed: 

230  215  200 

0.5  0,25  0.15 


Temperature ,  °C 
Losses ,% 
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Taking  into  consideration  that  under  certain  conditions, 
ammonium  nitrate  can  explode,  strict  observance  of  the  established 
safety  rules  is  required  during  its  production,  storage  and  trans¬ 
porting  . 

The  inflammability  of  ammonium  nitrate  is  a  consequence  of 
the  release  from  it  at  moderately  high  temperatures  of  oxygen.  It 
increases  the  intensity  of  the  flame.  Certain  easily  oxidized 
metal  powders  (for  example,  zinc)  when  they  come  into  contact  with 
moist  ammonium  nitrate  can  ignite  it.  Organic  or  other  oxidzing 
substances  that  are  impregnated  with  ammonium  nitrate  or  are  in 
contact  with  it  rapidly  bum  when  ignited. 

The  mixtures  that  contain  suoerphosphate ,  ammonium  nitrate  and 
organic  products  can  ignite  spontaneously  as  a  consequence  of  the 
occurrence  of  oxidizing  reactions  in  this  case.  They  begin  even 
at  normal  temperatures.  A  temperature  of  about  290°C  is  required 
to  ignite  pure  ammonium  nitrate. 

Paper  Dags  or  barrels  in  which  there  is  ammonium  nitrate  can 
spontaneously  ignite  even  under  the  influence  of  solar  rays.  It  is 
categorically  forbidden  to  store  these  bags  and  barrels;  they  should 
be  burned. 

When  the  container  with  ammonium  nitrate  catches  fire ,  nitric 
oxides  and  vapors  of  nitric  acid  are  released.  There  are  known 
cases  of  spontaneous  ignition  of  the  bags  with  ammonium  nitrate  in 
railroad  cars  when  they  are  not  sufficiently  cleaned  of  coal  dust  or 
residues  of  pyrite.  These  fires  develop  most  often  when  uncooled 
ammonium  nitrate  (70-90°C)  is  loaded  into  the  cars  in  paper  sacs. 

Spontaneous  breakdown  and  inflammation  of  the  ammonium  nitrate 
are  autocatalytic  processes.  Only  water  puts  out  the  fires.  The 
production  of  ammonium  nitrate  is  fire-  and  explosion-dangerous. 


Quality  of  Ammonium  Nitrate 

GOST  2-65  stipulates  that  two  brands  of  ammonium  nitrate  be 
produced:  brand  A.  crystalline  and  flaky  nitrate  (for  industry), 
and  brand  B.  granulated  nitrate  (for  agriculture  and  industry). 

Table  II-9  presents  the  basic  requirements  for  the  quality 
of  ammonium  nitrate. 


TABLE  II- 9 .REQUIREMENTS  FOR  QUALITY  OF  AMMONIUM  NITRATE  (GOST  2-65) 


Indicators 

Brands 

A 

B 

Content  of  nitrate  and  ammonia 
nitrogen  in  dry  substance, %  no 
less 

in  conversion  for  NH.NO. 

99.5 

97.7 

in  conversion  for  nitrogen 

34.8 

34.2 

Content  of  additives  in  dry 
substance, 2,  no  less 
phosphates  in  conversion  for  P.Oc 
or  calcium  and  magnesium  nitrates 
in  conversion  for  CaO 

Missing 

0.5 

Missing 

0.3 

Moisture  content ,  7. ,  no  more 

0.5 

0.4 

Substances  insoluble  in  water  ,% 
no  more 

0.5 

Not  defined 

Substances  that  can  be  oxidized  by 
potassium  permanganate 

Sample  withstands 

The  same 

Reaction  of  solution 

testing  bv 
standard  technique 
Neutral 

Neutral  or 

Friability  ,2  no  less 

Not  determined 

slightly 
alkaline  (m 
more  than 
0.052  NH3) 
or  slightly 
acid  (not 
more  than 
0.022  UNO.) 

100  J 

Granulometric  composition  ,1 
granules  size  1-3  mm,  no  less 

- 

90 

granules  smaller  than  1mm,  no  more 

i  „ 

| 

6 

Temperature  at  packing. °C  no  higher 

1 

30 

Ammonium  nitrate  of  brand  B  which  is  designed  for  use  in 
industry  can  contain  Q. 5-1. 27.  phosphates  (in  conversion  for  ^2^5^  • 
0.3-0.62  calcium  and  magnesium  nitrates  (in  conversion  for  CaO)  and 


no  more  than  0.2%  of  substances  that  are  insoluble  in  10%  nitric 
acid. 


The  plants  that  manufacture  ammonium  nitrate  with  phosphorus- 
containing  additives  are  permitted  to  produce  brand  B  products  with 
content  of  no  less  than  96%  NH^NO-j,  and  no  less  than  33.6%  nitrogen. 

The  friability  of  nitrate  brand  B  is  guaranteed  by  the  manu¬ 
facturing  plant  for  6  months  when  the  product  is  transported  and 
stored  under  the  appropriate  conditions. 

Determination  of  friability.  The  control  check  of  the  friability 
of  ammonium  nitrate  is  performed  by  single  throwing  of  five  bags  with 
the  product  flat  from  a  height  of  1  m,  and  subsequent  sifting  on 
sieves  1100  x  700  mm  in  size  with  height  of  the  side  120  mm.  The 
sieves  are  made  of  steel  wire  grids  (stainless  steel)  with  square  cells 
with  inside  dimension  of  5  mm  (GOST  3826-47) .  The  bag  contents  are 
screened  on  the  sieve  in  two  procedures.  Before  each  screening 
operation,  the  sieve  is  filled  to  side  height  of  no  more  than  60  mm. 

It  is  permitted  to  have  a  residue  on  the  sieve  of  individual  pieces 
that  are  easily  crushed  by  hand. 

The  control  check  of  friability  of  ammonium  nitrate  is  per¬ 
formed  at  the  manufacturing  plant  at  the  end  of  the  6-month  storage 
period.  This  check  does  not  free  the  manufacturer  of  responsibility 
for  claims  against  the  aualitv  of  the  nitrate  made  by  the  consumers. 

Different  rapid  methods  are  currently  being  developed  for 
determining  the  caking  of  nitrate  that  are  planned  for  introduction 
into  industrial  practice. 

Determination  of  granulometric  composition.  In  order  to  deter¬ 
mine  the  granulometric  composition  of  ammonium  nitrate  .  it  is  screened 
on  a  special  instrument  that  is  installed  on  a  wooden  panel  650  x  360 
mm  in  size.  The  sieves  are  tightly  attached  to  the  moving  platform 
with  a  clamp .  They  are  actuated  with  the  help  of  a  worm  or  belt  gear 
from  an  electric  motor. 
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The  moving  platform  is  placed  on  three  supDort  eccentrics 
that  together  with  it  are  actuated  by  a  guide  eccentric.  The  sieves 
must  make  150±3  rockings  in  1  min.  The  movement  of  the  platform 
must  be  smooth,  without  jerks. 

The  granulometric  composition  is  determined  as  follows:  250  g 
of  granulated  nitrate  that  is  weighed  with  accuracy  of  ±0.5  g  is 
screened  for  2  min.  on  stamped  sieves  with  cells  3  and  1  mm  in  size 
(GOST  214-57) .  It  is  allowed  to  screen  by  hand  with  the  same  intent 
sity  for  2  min.  The  residues  on  the  sieves  with  cells  3  and  1  mm  in 
size  and  the  particles  which  pass  through  the  sieve  with  cells  1  mm 
in  size  are  weighed  separately. 


The  percentage  content  of  individual  fractions  of  granules  is 
computed  according  to  the  formula: 

v  _  g  x  100 

X  25  O' ' 

where  g  is  the  weight  of  the  fraction,  e. 


Production  of  Ammonium  Nitrate 


The  basic  raw  material  for  the  production  of  ammonium  nitrate 
is:  gaseous  ammonia  (moisture  content  no  more  than  1%;  admixtures 
of  oil,  catalyst  dust,  etc.  are  not  permitted)  and  diluted  nitric 
acid  (47-49*  and  56-58%;  the  presence  of  over  0.2%  nitric  oxides). 

The  production  of  ammonium  nitrate  also  uses  ammonia- containing 
gases,  wastes  from  the  synthesis  of  ammonia  or  carbamide  (p. 
and  following) .  A  sample  composition  of  these  gases  is  given  in 
table  11-10. 

When  low-caking  and  water-resistant  ammonium  nitrate  (p. 
and  following)  is  produced,  the  preparation  of  the  additives  re¬ 
quires:  dolomite  (32-33%  CaO ,  43-44 %  CO2  .  16-19%  MgO ,  no  more  than 
2.5%  Si02  ,  no  more  than  0.5%  AljO^  and  no  more  than  0.7%  Fe203  with 
saturation  density  of  2^T/m^)?  apatite  concentrate  (GOST  3277-54); 
phosphorite  powder  (TU  1494-49.  bulk  density  1.68-1.7  T/m^); 
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sulfate  (GOST  6931-54);  sulfuric  acid  92-94%  (GOST  2184-65) aliphatic 
acids  and  mixtures  of  them  with  oaraffin  (table  11-11). 


The  enterprises  that  manufacture  ammonium  nitrate  by  the  new 
technological  plan  (o. 152*)  use  a  talcum-magnesia  mixture  supplied 
according  to  temporary  specifications  in  order  to  dust  the  granules. 


TA3LE  11-10.  COMPOSITION  OF  AMMONIA- 
CONTAINING  GASES  (In  %) 


I 

HoMiiuiieiitu 

TaiiHoaue 

raau 

a 

npoay- 

AOMHbie 

raau 

raiu  * 

ruiaaa 

KApOauBJia 

NHa . 

57-60 

7-8 

54-*- 56 

H,  . 

25-27 

55-60 

— 

N,  . 

8—9 

28—20 

— 

CH.  . 

9—3,5 

10-11 

— 

Ar  . 

t— 0.5 

2-1 

— 

CO,  . 

— 

— 

33-35 

H,0 . 

13—9 

Kev: 


1 .  Components 

2 .  Tank  gases 

3.  Blow-through  gases 

4.  Gases  of  distillation  of  carbamide  melt 


TABLE  11-11.  CHARACTERISTICS  OF  ALIPHATIC  ACIDS 
AND  THEIR  MIXTURES  WITH  PARAFFIN 


Indicators 

Aliphatic 

acids 

fixtures  of  paraf 
fin  and  aliphatic 
acids  (1:1) 

Consistency  at  20°C 

Color 

Solid 

Dingy  yellow 

Solid 

Ether  number ,  mg  KOH 

9 

72 

Nonsaponifiable  compounds ,% 
Temperature , °C 

4 

«• 

\ 

- 

of  melting 

50 

56 

of  solidification 

47 

46 

of  flash  (according  to  Brenken) 

213 

195 

Conventional  viscosity  .°CV 

1.73  (at  100°C 

1  1.23  (at  90°C) 

Water  content, % 

0.045 

0.043 

Mechanical  admixtures  ,%  no  more 
Moisture 

0.046 

Missing 

“ 

The  process  of  ammonium  nitrate  production  consists  of  the 
following  basic  stages: 


1)  production  of  solutions  of  nitrate  bv  neutralizing  the 
*This  refers  to  the  Russian  pg  195 


nitric  acid  by  gaseous  ammonia  or  ammonia -containing  gases; 

2)  concentration  by  evaporation  of  solutions  of  ammonium 
nitrate  until  a  melt  is  obtained; 

3)  crystallization  of  salt  from  the  melt  in  the  form  of 
granules  of  spherical  shape,  small  crystals  or  flakes; 

4)  cooling  or  drying  of  the  salt; 

5)  packing  of  the  finished  product  in  a  container. 

In  the  production  of  low-caking  or  water-resistant  ammonium 
nitrate  there  also  are  stages  of  producing  additives.  Certain  plants 
also  screen  the  salt  and  dust  it. 

Production  of  Solutions  of  Ammonium  Nitrate 

When  the  normal  operating  regime  is  observed,  the  reaction 
NHj+HNO,  ?=♦  NH*NO,  (IM) 

occurs  without  the  formation  of  by  -products . 

The  thermal  effect  of  this  reaction  depends  on  the  concentra-- 

tion  and  temperature  of  the  nitric  acid  (fig.  II- 5)  and  the  tempera- 

2  26  27 

ture  of  the  gaseous  ammonia  or  ammonia-containing  gases  ’  ’  .  The 

thermal  effect  of  the  process  of  neutralization  is  reduced  bv  the 
amount  of  heat  of  dilution  of  nitric  acid  by  water  and  dissolving  of 
ammonium  nitrate.  Thus,  the  Influx  of  heat  during  neutralization  is 
determined  bv  the  quantity  of  heat  introduced  by  the  original  com¬ 
ponents  (nitric  acid  and  ammonia)  and  released  during  the  interaction 
of  these  reagents.  The  heat  of  the  neutralization  process  is 
removed  by  the  formed  solution  of  ammonium  nitrate,  is  lost  into; 
the  surrounding  atmosphere ,  and  is  consumed  for  the  evaporation  of 
water  from  the  solution.  With  the  appropriate  apparatus  design  of 
this  stage  of  the  process,  the  heat  of  the  neutralization  reaction 
may  be  sufficient  to  evaporate  almost  all  the  water  introduced  with 
the  nitric  acid. 

Figure  II-6  shows  the  dependence  of  the  concentration  of 
obtained  solutions  of  ammonium  nitrate  on  the  use  of  heat  released 
in  the  process  of  neutralization  and  on  the  concentration  of 
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Figure  II -6.  Dependence  of  Concen¬ 
tration  of  Solutions  NH/NOo  Obtained 
during  Neutralization  or  HN03  by 
Ammonia  on  the  Concentration  of 
Original  Nitric  Acid 
(temperature  of  ammonia  60°C.  loss 
of  heat  into  surrounding  medium 
11,000  kcal/T,  pressure  1  atm.); 

Ke5r '  1 .  with  use  of  reaction  heat . 
temperature  of  HNO^  70 °C 

2.  The  same,  temperature  of 
HN03  30 °C 

3.  without  the  use  of  reaction 
heat 

4.  Content  of  NH.NO^.Z 

5.  Concentration  of  nNO^  ,Z 

of  the  employed  nitric  acid"'  .  Nitric  acid  whose  concentration  does 
not  exceed  60Z  HNO^  is  usually  used  to  obtain  solutions  of  ammonium 
nitrate.  The  use  of  more  concentrated  acid  would  result  in  a  con¬ 
siderable  increase  in  the  temperature  in  the  neutralizers  ,  and 
consequently,  a  noticeable  breakdown  of  nitric  acid. 
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Only  the  reaction  heat  of  neutralization  is  currently  used 
for  partial  concentration  by  evaporation  of  the  solutions  of  ammo¬ 
nium  nitrate.  Part  of  the  liquor  vapor  is  used  for  evaporation  of 
liquid  ammonia  or  warming  the  gaseous  ammonia  and  nitric  acid  sent 
to  the  neutralization  apparatus  (concentration  of  the  solution  of 
ammonium  nitrate  in  preheating  of  the  acid  bv  the  liquor  vapor  to 
55-60°C  is  increased  by  1.5-22).  Concentration  by  evaporation 


Figure  II-5.  Dependence  of 
Quantity  of  Heat  Q  Released 
during  Formation  of  NH,NO., 
on  the  Concentration  of  Ori¬ 
ginal  Nitric  Acid  (at  1  atm. 
and  18°C) 

Kejr‘l.  HNOo  concentration ,% 
2.  0,  Real  /mole  NH^NO-j 


of  liquid  and  preheating  of  gaseous  ammonia  used  in  the  production 
of  nitric  acid  previously  required  200-250  kg  of  live  steam  per  1  JP" 
of  production  acid. 

Industrial  units  for  production  of  solutions  of  ammonium 
nitrate  with  the  use  of  the  neutralization  reaction  heat  are  divided 
into  four  types : 

1)  units  that  operate  at  atmospheric  pressure  (gage  pressure  of 
liquor  steam  is  0.25-0.3  atm.); 

2)  units  that  operate  with  the  use  of  a  vacuum- evaporator ; 

3)  units  that  operate  under  increased  pressure; 

4)  combined  units  that  operate  under  pressure  in  the  zone  of 
neutralization  of  the  original  components  and  with  rarefaction  in 
the  zone  of  separation  of  liquor  steam  from  the  solution  (melt)  of 
ammonium  nitrate. 

Domestic  industry  produces  solutions  of  ammonium  nitrate  with 
the  use  of  reaction  heat  in  systems  of  neutralization  that  operate 
under  atmospheric  pressure,  and  in  systems  with  self-evaporation  of 
the  solution  during  rarefaction  in  a  vacuum- evaporator .  The  most 
popular  is  the  first  system  of  neutralization.  It  is  simple  in 
technological  operation  and  design  and  is  distinguished  by  stability 
of  the  operating  pattern. 

Neutralization  with  a  vacuum- evaporator  is  only  used  in 
individual  cases  if  it  is  necessary  to  refine  the  blow-through, 
tank  and  other  ammonia- containing  gases.  It  is  cumbersome  and  incon¬ 
venient  to  service.  The  systems  of  neutralization  under  pressure  of 
3.5-6  atm  are  used  abroad.  They  require  a  fairly  high  consumption 
of  electricity  to  compress  the  consumed  ammonia,  comparatively 
complicated  regulation  of  the  nitric  acid  feed  under  pressure,  etc. 
This  plan  was  used  many  years  ago  in  the  Soviet  Union,  but  was 
abandoned  because  of  the  listed  shortcomings. 

The  USSR  does  not  use  combined  units ,  but  similar  domestic 
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plans  have  been  developed. 
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Figure  II-7.  Neutralization  Apparatus  ITN 
with  Natural  Circulation  of  Solution 


Cylindrical  tank 
Inner  cylinder  (vessel) 

Connecting  pipe  for  discharge  of  solution 
(during  repair  or  inspection  of  apparatus) 
Device  for  supplying  ammonia 
Device  for  supplying  nitric  acid 
Hydraulic  gate' 

Separator 
Liquor  steam 
Air 

Solution 


Industry  uses  neutralizer  apparatus  employing  the  reaction  heat 

and  operating  at  atmospheric  pressure  with  natural  circulation  of 
31 

the  solutions.  Nitric  acid  and  ammonia  interact  in  these  units  in 
the  liquid  phase  under  a  certain  hydrostatic  pressure  of  the  liquid 


column.  This  prevents  boiling  up  of  the  solutions  and  formation 
of  a  foggy  ammonium  nitrate.  A  number  of  changes  were  made  in  the 
original  design  of  the  neutralization  units  in  the  course  of  many 
years.  Now  the  units  with  natural  circulation  of  the  solutions* 
differ  little  from  each  other. 


The  ITN  units  now  used  guarantee  ttiaminimum  time  for  interaction 
of  the  nitric  acid  and  ammonia  and  the  production  of  solutions  of 
ammonium  nitrate  with  assigned  temperatures. 

The  neutralization  units  that  operate  under  atmospheric  pressure 
consist  of  ITN  units  and  auxiliary  units  ,  final  neutralizers-mixers . 
collectors  and  others. 

The  ITN  unit  is  shown  in  fig.  II- 7. 


The  characteristics  of  the  frequently  employed  ITN  units  are: 


Diameter ,  m 
Height ,  m 

Diameter  of  inner  vessel ,  m 
Output ,  T/day  NH^NO^ 

•flj 

with  final  neutralizer 
** 

without  final  neutralizer 


3.25  2.4 

10.15*  7.63** 

1.3  1.0 

650-700  450 


The  inner  cylinder  2  (vessel)  is  the  neutralization  part  of 
the  apparatus  in  which  a  reaction  occurs  between  the  nitric  acid  and 
the  ammonia.  Liquor  steam  is  additionally  released  in  the  ring  space 
between  the  outer  and  inner  cylinders  (circulation- evaporation  part 
of  the  apparatus)  from  the  solution.  Intensive  circulation  of  the 
liquid  between  the  neutralization  and  the  circulation- evaporation 
parts  of  the  ITN  apparatus  is  created  because  of  the  difference  in 
the  densities  of  the  solutions  in  both  parts  of  the  unit. 


Nitric  acid  and  ammonia  are  fed  to  the  neutralization  part  of 
the  ITN  countercurrent  on  pipelines  on  whose  ends  there  are  distri¬ 
bution  devices  5  and  4.  This  makes  it  possible  to  create  in  the  ITN 

«np 

We  will  further  call  all  the.  units  that  use  neutralization  heat ,  ITN 
units . 
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unit  a  large  contact  surface  between  the  liquid  and  the  gas.  The 
neutralization  process  occurs  at  110-135°C,  depending  on  the  concen¬ 
tration  of  the  employed  nitric  acid  and  its  temperature,  as  well 
as  on  the  temperature  of  the  gaseous  ammonia.  The  solution  of  ammonium 
nitrate  that  is  formed  in  vessel  2  flows  into  the  ring  space.  The 
absolute  pressure  above  the  evaporation  mirror  of  the  solutions 
reaches  1.2-1. 3  atm.  Consequently,  the  liquor  steam  can  be  used 
as  the  heating  steam. 


It  is  expedient  to  conduct  the  neutralization  process  in  a 
slightly  acid  medium  since  in  this  case  the  losses  of  ammonia, 
nitric  acid  and  nitrate  with  the  liquor  steam  are  lower  than  in 
the  slightly  alkaline  medium.  As  follows  from  tables  11-12  and  11-13. 
when  there  is  a  surplus  of  nitric  acid,  the  pressure  of  the  HNO^ 
vapors  above  the  solutions  of  ammonium  nitrate  is  lower  than  the 
pressure  of  the  ammonia  vapors  above  the  NH^HO^  solutions. 


TABLE  IT-12.  PARTIAL  PRESSURE  OF  STEAM  OF  NITRIC  ACID 
AND  WATER2. 32  ABOVE  NH^JW^-HNOj-HjO  SYSTEM 


:  t  *»" 

— w 

(9  aw1*”* 

— 

Wagwi 

OM  NH«NOs 

aec.  % 

T'¥l 

MM  pm.  cm. 

9M  NH.NO, 
me.  % 

mm  pm,  cm. 

HaO 

HNO. 

H*0 

HNO. 

KORIt«HTpiaiI  HNO»  0.5K 

if^n  KOHqeHTpaunn  HNO»  1% 

86.2 

142,9 

7644 

2,5 

83,8 

136,0 

756,5 

3,7 

91,3 

157,5 

739,3 

8,5 

87.5 

132.5 

564,7 

2,1 

96,2 

194,5 

733,3 

24,0 

87,7 

135,5 

544,5 

3,2 

96,7 

195 

721.6 

43,4 

*5.5 

182,5 

542,5 

14,8 

85,5 

139,9 

563,6 

3,8 

*1.6 

145,8 

542,1 

5,7 

95,0 

117,5 

541,6 

154 

*7,0 

179,0 

358,4 

6.8 

96,6 

186,0 

524,8 

304 

95,7 

169,3 

3484 

84 

954 

1734 

506.2 

47.5 

92,4 

1384 

346,4 

1.4 

96,0 

161,0 

341,5 

124 

Key: 

1.  Concentration  of  NH,N07  ,  weight. % 

2.  Temperature ,°C 

3.  Partial  pressure,  mm  Hg 

A.  With  HNO«  concentration  of  0.5Z 
5.  With  HNOj  concentration  of  11 

2 

Calculations  show  that ,  for  example ,  with  a  change  in  the 
solution  of  ammonium  nitrate  of  the  content  of  ammonia  from  0.1  to 
0.5  g/l>,  the  losses  of  NIlj  with  the  liauor  steam  increase  from  2  to 
10  ke  per  1  %  of  finished  product.  If  the  HNOj  content  in  the 
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TABLE  11-13.  PARTIAL  PRESSURE  OF  STEAM  OF  AMMONIA  AND 
WATER  ABOVE  SYSTEM2 *32  NH4N03-NH3-H20 


KoHu^HTpanimM 
sec.  '0 

w 

Tewne- 

paTypa 

®napmianbaoa 
oawieiwe 
mm  pm.  cm. 

HconaeRTp»r[»>i, 

MC.  % 

"GO 

Teatnepa* 

fl 1  napatiMMHM 
k  aatnenw 

mm  pm.  cm. 

NH.NO. 

NH» 

°C 

H.O 

NH. 

NH.NO. 

NHi 

H.O 

NHt 

593 

9.28 

60 

39.6 

707.9 

91.7 

032 

120 

2816 

4883 

763 

98.9 

510.1 

030 

341.1 

271.1 

563 

63.7 

394.9 

023 

310.7 

1543 

359 

1014) 

205.0 

95.4 

0.64 

130 

1553 

5924) 

6&9 

374 

80 

146.0 

6045 

0.37 

2883 

3413 

3.06 

117.6 

482.9 

030 

2129 

234.9 

1.96 

1043 

347.2 

0.18 

277.1 

1723 

0.79 

158.9 

137.1 

624  5 

78.2 

5.64 

70 

50.1 

701.9 

963 

040 

150 

1429 

4.42 

463 

5533 

026 

171.5 

4453 

0.13 

226.9 

239.9 

3.06 

72.1 

379.9 

973 

0.48 

150 

980 

6649 

1.79 

734 

228.6 

0.45 

1432 

6063 

854 

2.49 

90 

48.4 

705.2 

035 

116.0 

485.0 

1.60 

85.7 

4633 

96.9 

040 

160 

1204 

6413 

0.75 

1683 

181.7 

— 

037 

164.8 

4463 

86-2 

1-82 

100 

2016 

547.1 

974 

031 

170 

65.0 

6953 

0.25 

984 

5113 

0.16 

123  2 

337.0- 

Key: 

1 .  Concentration  .weight . % 

2 .  Temperature  ,  °C 

3.  Partial  oressure,  mm  He 

nitrate  solution  changes,  for  example,  from  0.2  to  1  g/l,  the  losses 
of  nitric  acid  with  the  liauor  steam  rise  only  from  0.4  to  1  kg  per 
1  V  of  product.  However,  at  individual  plants,  the  process  of 
neutralization  is  still  conducted  in  a  slightly  alkaline  medium, 
since  corrosion  of  the  welded  seams  of  the  pipelines  and  equipment 
significantly  increases  in  a  slightly  acid  medium. 


Figure  II- 8  shows  the  solubility  of  ammonia  in  the  solutions 
of  ammonium  nitrate. 


Figure  II-8.  Solubility  of  Ammonia 
in  Solutions  of  Ammonium  Nitrate 


Key: 

1.  in  5055  solution  of  NH.NO-, 

2.  in  60Z  solution 

3.  in  70Z  solution 

4 .  Temperature  ,  °C 

5.  Solubility,  e/1000  e  H20  in 
NH^N03  solutions 
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Figure  II-9.  Plan  for  the  Process  of 
Neutralization  at  Atmosoheric  Pressure 


Key : 

1. 

2. 

3. 

4. 

5. 

6. 
7. 
8; 
9. 

1-0. 

11. 

12. 

13. 

14. 

15. 

16. 


Pressure  tank  for  nitric  acid 
Trap  of  liauor  steam 
Evaporator 
Preheater 

Condensate  collector 

Neutralizer 

Final  neutralizer 

Centrifugal  pump 

Separator 

Nitric  acid 

Liquor  steam 

Gaseous  ammonia 

Steam 

Condensate 

Hot  condensate 


Solution  of  NH^NO- 
by  evaporation4 


to  concentration 


The  nitric  acid  used  to  obtain  solutions  of  ammonium  nitrate 
must  be  preliminarily  blown  through  with  air  in  order  to  remove  the 
nitric  oxides  dissolved  in  it  (permissible  content  of  nitric  oxides 
in  the  acid  is  no  more  than  0.2%). 

If  the  nitric  acid  is  not  sufficientlv  freed  of  nitric  oxides , 
thev  form  ammonium  nitrite  with  the  ammonia .  It:  is  broken  down  in 
the  reaction  zone  into  water  and  elementary  nitrogen.  Ammonia  losses 
as  a  result  of  this  reaction  can  be  considerable,  roughly 0.5kg  of 
nitrogen  per  1  t  of  nitrate. 

The  condensate  of  liquor  steam  from  the  neutralization  section 

is  often  used  to  sprinkle  the  absorption  columns  in  the  production  of 

nitric  acid.  In  certain  cases  .  the  condensate  is  purified  from 

32a 

admixtures  of  ammonia  and  ammonium  nitrate  on  ionites 

The  plan  for  the  neutralization  unit  that  operates  at  atmospher 
ic  pressure  is  shown  in  fie.  II-9. 


Nitric  acid  (sometimes  with  inorganic  additives  that  reduce 
the  caking  of  nitrate,  p.157*)  goes -through  the  pressure  tank  1  that 
is  equipped  with  an  overflow.  Gravity  flow  occurs  under  constant 
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pressure  in  the  ITN  unit  6  (in  a  number  of  cases ,  nitric  acid  is 
oreheated  by  liquor  steam  to  55-60°C  before  being  fed  into  the  ITN 
unit).  At  the  same  time,  easeous  ammonia  is  fed  here.  It  orelini- 
narily  passes  through  evaporator  3  a  sorav  of  easeous  ammonia  and 
is  preheated  in  unit  4  by  steam  condensate.  The  preheaters  of 
ammonia  and  nitric  acid  are  units  of  the  shell-and-tube  type  whose 
characteristics  are  presented  below: 


Diameter  of  housing .  mm 
Diameter  of  housing .  mm 
Length ,  mm 

Height ,  mm  2 

Heat  exchange  surface ,  mz 
Diameter  of  pipes  ,  mm 
Material 


Ammonia  oreheater 
476 

3000  (pioes) 

3504 
~29 
25  x  3 

Carbon  steel 


Acid  pre¬ 
heater 
600 

3224  (total) 
35 

25  x  2 

Steel  Khl8N9T 


The  ammonium  nitrate  that  is  formed  in  the  neutralizer  enters 
the  final  neutralizer  where  ammonia  or  nitric  acid  is  added  to 
create  the  assiened  pH  of  the  medium.  The  solutions  of  ammonium 
nitrate  are  sent  from  the  final  neutralizers  for  concentration  bv 
evaporation-  The.  final  neutralizers  are  also  buffer  vessels  that 
guarantee  continuous  operation  of  the  evaporation  station  in  the  case 
of  short  stoppages  of  the  neutralizers. 

The  final  neutralizer  (fie.  11-10)  is  a  cvlindrical  vessel  made 
of  stainless  steel  that  is  equipped  with  a  blade  mixer  that  rotates 
at  a  velocity  of  30  rpm.  It  operates  at  tmospheric  pressure  and 
temperatures  of  80-120°C. 

Neutralization  units  with  vacuum- evaporator. .  Production  of 
ammonium  nitrate  solutions  from  ammonia-containing  gases  (tank* 
blow-through  gases  or  gases  of  distillation  from  the  carbamide  shop) 
uses  a  scrubber  type  neutralizer ,  vacuum- evaporator  and  corresponding 
auxiliary  eauioment. 

Joint  processing  of  the  ammonia-containine  gases  and  easeous 
ammonia  is  not  efficient,  since  large. losses  of  the  reagents  with 
the  liquor  steam  are  possible  and  since  methane,  hydroeen  and  other 
admixtures  are  present  in  the  ammonia-containing  eases.  By  bubbline 
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Fieure  II- 10.  Final  Neutralizer 
Key: 

1 .  Solution 


Figure  11-11.  One  of  the  Versions  of  the  Plan 
for  the  Process  of  Neutralization  with  a 
Vacuum-Evaporator 

Key: 

1.  scrubber-neutralizer 

2 .  purrro 

3 .  vacuum- evaporator 

4 .  trap 

5.  pressure  tank 

6 .  hydraulic  gate 

7.  separator 

8.  collector 

9.  nitric  acid 

10.  liquor  steam  to  condenser 

11.  to  atmosphere 

12.  Solutions 

13.  ammonia 

14.  ammonia -containing  gases 

15.  to  concentration  by  evaporation 


ammonium  nitrate  throueh  the  hot  solution  ,  these  admixtures  can 
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carry  away  the  the  ammonia ,  the  steam  of  nitric  acid  and  the  ammonium 
nitrate.  In  addition,  with  ioint  processing  of  these  gases,  the 
possibility  of  using  the  liquor  steam  is  excluded  because  of  the 
presence  in  it  of  a  fairly  large  quantity  cf  gaseous  admixtures. 

One  of  the  versions  for  the  process  of  reprocessing  ammonia- 
containing  gases  into  ammonium  nitrate  is  shown  in  fig.  11-11.  The 
gases  enter  the  lower  part  of  the  scrubber-neutralizer.  A  solution 
of  NH^NO^  which  contains  a  surplus  of  nitric  acid  is  fed  to  its 
upper  part. 

The  circulating  solution  of  nitrate  is  mixed  with  the  acid 
in  the  hydraulic  gate  of  the  mixer. 

The  scrubber  type  neutralizer  for  reprocessing  the  ammonia- 
containing  gases  is  a  cylindrical  apparatus  2.4  m  in  diameter  and 
5.15  m  high.  The  scrubber  has  sieve  plates  which  are  ©rinkled  by  a 
mixture  of  acid  and  circulating  solution.  In  the  top  of  the  scrubber 
there  is  an  unsprinkled  layer  of  metal  .or  ceramic  rings  (50  x  50  x  5 
mm)  which  is  the  settling  tank.  The  velocity  of  the  gas  in  the  free 
section  is  0.4  m/s. 

The  temperature  in  the  scrubber-neutralizer  is  maintained  at 
roughly  90°C  ,  i-.e.,  15-20°C  below  the  boiling  point  of  the  formed 
solution  of  nitrate.  For  this  purpose,  a  solution  is  fed  tc  sprinkle 
the  scrubber  which  is  preliminarily  cooled  in  a  vacuum- evaporator . 

The  spent  gases  come  from  the  scrubber  to  the  sieve  washer  (sprinkled 
by  condensate  and  nitric  acid)  where  they  are  freed  of  the  unreacted 
ammonia  and  sprays  of  the  nitrate  solution  which  are  carried  away 
from  the  scrubber.  They  are  then  sent  for  burning  or  are  removed 
into  the  atmosphere.  A  20-3QZ  solution  of  ammonium  nitrate  is 
obtained  in  the  washer. 

According  to  another  version,  the  solution  of  ammonium  nitrate 
is  sent  from  the  scrubber-neutralizer  to  the  collector  from  which  it 
is  pumped  into  the  vacuum-evaporator  or  is  sucked  into  it.  Rarefac¬ 
tion  in  the  vacuum-evaporator  is  created  by  means  of  condensation 


206 


of  the  liquor  steam  (washed  in  the  sieve  washer)  in  the  barometric 
condenser  and  maintained  by  the  vacuum-pump  that  removes  the  uncon¬ 
densed  gases  into  the  atmosphere.  In  the  vacuum- evaporator  that 
operates  with  rarefaction  of  600  mm  Hg ,  the  solution  is  concen¬ 
trated  by  evaporation  roughly  to  a  concentration  of  65 %  NH^NO^  and 
flows  into  the  hydraulic  gate-mixer.  From  here,  a  large  part  of  the 
circulating  solution,  mixed  with  nitric  acid,  is  returned  to  the 
neutralizer.  The  remaining  solution  is  sent  to  the  final  neutralizer 
where  it  is  mixed  with  the  solution  of  ammonium  nitrate  that  is 
obtained  in  the  ITN  apparatus .  These  solutions  are  processed  into 
a  commercial- grade  product  according  to  the  standard  plan  (see  below). 

Below  are  the  indicators: for  the  normal  technological  operating 
regime  at  the  stage  of  production  of  solutions  of  ammonium  nitrate 
(with  the  use  of  47-49%  nitric  acid) : 


Temperature  at  inlet  to  ITN  apparatus, °C 
of  ammonia 
of  nitric  acid 

Temperature  of  solutions  at  outlet, °C 
from  ITN  apparatus 
from  vacuum- evaporator 
from  scrubber -neutralizers 

Pressure  of  gaseous  ammonia  at  inlet  to  neutralization 
section,  atm. 

Pressure  of  ammonia-containing  gases  at  inlet  to 
scrubber-neutralizer,  atm. 

Pressure  of  liquor  steam  at  outlet  from  ITN  apparatus  , 
atm. 

Rarefaction  in  vacuum- evaporator ,  mm  Hg 
NH.NOo  concentration  in  solution,  %,  at  outlet: 
from  ITN  apparatus 
from  vacuum- evaporator 
from  exhaust  gas  washer 

Content  of  nitric  oxides  (in  conversion  for  N2O4) 
in  nitric  acid ,  % ,  no  more 

Content  of  HNO,  in  solutions  of  ammonium  nitrate , 
g/f,  at  outlet J 

from  ITN  apparatus 
from  scrubber-neutralizer 

Content  of  NH^  in  solutions  of  ammonium  nitrate  after 
final  neutralizers,  g/y 

Content  in  liquor  steam  (until  its  washing) ,  g/| 
of  ammonia 
of  ammonium  nitrate 


60-80 

not  above  50 

125 

70-80 

90-100 


2. 5-3. 8 


1.2-3 


1.2-1. 3 

560-600 

64-65 

63-65 

20-30 

0.2 


to  1.0 
to  10.0 


0.1-0. 2 


to  0.3 
to  1.5 
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Depending  on  the  method  of  crystallization  of  the  product,  the 
design  of  the  evaporation  apparatus  and  the  purpose  of  the  finished 
product ,  solutions  of  ammonium  nitrate  are  concentrated  by  evaporation 
until  the: state  of  a  melt  of  varying  concentration.  Thus,  with 
crystallization  in  the  granulation  towers  ,  the  solutions  are 
concentrated  by  evaporation  in  final  concentration  units  to  a  con¬ 
centration  of  99.7-99.9%  NH4N03  ,  and  in  the  evaporation  units  of 
old  design,  to  98.4-98.6%  NH^NO^.  When  crystallized  on  cooling 
drum-rollers ,  the  solutions  are  concentrated  by  evaporation  to  a 
concentration  of  97-98%  NH4N03  ("cold  regime”)  or  to  94-96%  NH^NO^ 
("hot  regime").  If  the  melt  is  crystallized  in  dish  type  units, 
the  solutions  are  concentrated  by  evaporation  to  a  concentration  of 
94-95%  NH4N03. 

With  an  increase  in  the  concentration  of  solutions  of  ammonium 
nitrate  during  their  concentration  by  evaporation,  the  temperature 
of  the  solution  (melt)  increases  and  the  losses  of  NH ,  NO  -j  with  the 

*4  <3 

liquor  steam  rise.  Evaporation  units  are  therefore  used  which 
operate  with  rarefaction  of  550-600  mm  Hg.  This  makes  it  possible 
to  concentrate  by  evaporation  the  solutions  at  reduced  boiling  points. 
This  promotes  a  drop  in  the  losses  of  the  product  at  this  stage  of 
its  production. 

A  vacuum  is  created  in  the  evaporation  units  as  a  result  of 
condensation  of  the  liquor  steam  in  the  barometric  condensers  that 
are  sprinkled  with  circulating  water.  The  uncondensed  vapors  and 
air  are  sucked  out  of  them  by  rotary  vacuum  pumps. 

Figure  11-12  shows  the  boiling  points  of  solutions  of  ammonium 

nitrate  at  atmospheric  pressure  and  rarefaction.  One  can  determine 

from  this  graph  that  temperature  to  which  the  solution  has  to  be 

heated  with  the  given  vacuum  in  order  to  obtain  a  melt  with  the 

33 

assigned  concentration  of  NH^NO^. 
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Figure  II-2.  Boiling  Points  of  Solutions 
of  Ammonium  Nitrate  at  Atmospheric  Pressure 
and  Rarefaction 

Key: 

1.  atmospheric  pressure 

2.  rarefaction  of  200  mm  Hg 

3.  the  same  300  mm  Hg 

4.  the  same  400  mm  Hg 

5.  the  same  450  mm  Hg 

6.  the  same  500  mm  Hg 

7.  the  same  550  mm  Hg 

8.  the  same  600  mm  Hg 

9.  curve  of  crystallization  of  saturated  solutions 

10.  temperature ,°C 

11.  solution  concentration  ,% 


Concentration  by  evaporation  of  ammonium  nitrate  often  makes 
use  of  a  two-stage  system  of  evaporation,  less  often  a  three-stage 
plan  in  which  a  certain  saving  of  live  heating  steam^  is  reached. 
Two- stage  concentration  by  evaporation  is  done  with  the  calculation 
that  in  the  first  stage  of  evaporation,  the  solution  concentration 
is  increased  roughly  to  84 %  NH^NO^,  and  in  the  second  stage,  to  98.4 
98.6%  or  (when  a  melt  is  obtained  in  the  final  concentration  units) 
to  99.5-99.7%  NH^NO^.  The  first  stage  in  order  to  concentrate  the 
nitrate  solution  by* evaporation  uses  liquor  steam  from  the  neutra¬ 
lizers  and  partially  from  the  evaporation  units  of  the  second  stage. 
In  order  to  concentrate  the  solutions  by  evaporation  in  the  second 
stage  to  the  state  of  a  melt ,  live  saturated  steam  is  fed  to  the 
evaporation  units  with  pressure  of  9  or  13  atm. 

If  in  the  production  of  ammonium  nitrate  solutions,  54-56% 
nitric  acid  is  used,  for  example,  their  concentration  after  the 
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neutralizers  reaches  84%  NH^NO^.  In  this  case,  concentration  of 
the  solutions  by  evaporation  to  the  state  of  a  melt  is  done  in 
one  stage. 

Evaporators .  The  production  of  ammonium  nitrate  makes  ex¬ 
tensive  use  of  evaporators  which  are  shell-and- tube  heat  exchangers 
with  especially  designed  separators.  The  distinguishing  feature  of 
these  units  is  concentration  of  the  solutions  by  evaporation  in  a 
fine  film  (layer)  that  is  moving  at  a  rate  of  15-  -25  m/s  and  more 
along  the  inner  surface  of  the  pipes  that  are  heated  by  the  steam. 

The  advantages  of  the  film  evaporators  include  small  losses  of  use¬ 
ful  difference  in  the  temperatures  because  of  hydrostatic  depression. 

The  operating  principle  of  the  film  unit  that  operates  with 
rarefaction  of  600  mm  H?  is  reduced  to  the  following.  At  start  up, 
heating  steam  is  first  fed  into  the  interpipe  space  of  the  boiler, 
then  the  solution  is  collected  at  1/4  height  of  the  pipes.  Immedi¬ 
ately  at  the  inlet  to  the  pipe ,  the  solution  starts  to  boil  with  the 
release  of  a  large  quantity  of  steam  bubbles.  Rising  upwards,  they 
take  with  them  the  solution  that  is  "creeping"  over  the  walls  of  the 
boiler  pipes.  The  steam-liquid  emulsion  that  is  formed  in  this  case 
is  discharged  at  a  high  rate  from  the  upper  part  of  the  pipes  into 
the  separator,  and  hitting  the  surface  of  the  bent  blades  here,  it 
acquires  a  rotating,  eddy-like  movement.  As  a  result,  rapid  separa¬ 
tion  of  the  liquor  steam  from  the  evaporated  solution  occurs. 

An  advantage  of  the  film  evaporators  is  also  the  high  coeffi¬ 
cient  of  heat  transfer  that  is  due  to  the  small  thickness  of  the 
layer  of  solution  and  the  high  velocity  of  its  movement  ("creeping")  , 
and  the  single  passage  of  the  solution  on  the  boiler  pipes.  As  a 
result ,  the  ammonium  nitrate  that  is  sensitive  to  increased  tempera¬ 
tures  is  not  exposed  to  breakdown  in  the  process  of  concentration  of 
its  solutions  by  evaporation. 

Solutions  of  ammonium  nitrate  of  low  viscosity  are  concentrated 
by  evaporation  to  a  concentration  of  84%  NH^NO^  in  vertical ,  less 
often  horizontal  evaporators.  More  viscous  solutions--in  horizontal 
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Figure 

11-13.  Evaporator  AS-3  of 

Film 
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AS  units  or  in  vertical  film  units. 


The  horizontal  evaporators  of  the  second  stage  are  gradually 
being  replaced  by  vertical  that  occupy  a  smaller  space.  This  makes 
it  possible  to  put  so-called  final- evaporators  (p.162*)  in  the 
active  shops. 

The  second  stage  evaporators  are  located  above  the  granulation 
towers.  These  units  consist  of  2-4  two-way  sections  that  are 
installed  above  each  other  and  connected  by  connecting  pipes.  The 
solution  enters  the  unit  from  below  and  passes  sequentially  through 
all  the  sections  of  the  unit  upwards.  The  formed  steam-liquid 
emulsion  passes  from  the  upper  section  into  the  separator  (tangential 
input  of  the  emulsion  is  frequent) .  Here  the  liquor  steam  is 
separated  from  the  melt. 

The  vertical  film  evaporator  of  type  AS-3  (fig.  11-13)  is  used 
most  often  to  evaporate  solutions  of  ammonium  nitrate  to  a  concen¬ 
tration  of  32-84 1  NH/,N0o.  In  this  case,  the  liquor  vapors  from  the 
rf'I'his  refers  to  the  Russian  page. 
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ITN  unit  are  used  as  the  heating  steam.  The  evaporator  is  a 

vertical  shell-and-tube  heat  exchanger  made  of  stainless  steel  with 

a  separator  that  adjoins  the  upper  part  of  the  tube.  The  tube 

consists  of  900  pipes  32  x  2.5  mm  in  diameter  and  6000  mm  long. 

2 

The  heating  surface  is  roughly  500  m  .  In  order  to  evaporate  a 
67%  solution  to  84%  concentration  of  NH^NO^  ,  18-20  ro^  of  heat 
exchange  surface  is  required  for  1  C/h  of  nitrate. 

The  steam-liquid  emulsion  that  is  formed  in  the  tube  emerges 
into  the  separator  through  a  central  separator  which  consists  of  a 
horizontal  cover  with  guide  blades  attached  along  its  edges.  The 
drops  of  liquid  that  are  carried  off  by  the  liquor  steam  are 
separated  by  the  baffle  which  is  located  in  the  upper  part  of  the 
separator  (grid  with  metal,  less  often  with  ceramic  rings). 

2 

AS- 3  units  are  also  used  with  heat  exchange  surface  of  400  m 
(diameter  of  the  shell  1300  mm,  length  6700  mm;  tube  consists  of 
590  pipes  33  x  2  mm  in  diameter  and  6000  mm  long).  Type  AS-3 
units  have  been  used  in  recent  years  to  evaporate  solutions  of 
ammonium  nitrate  to  the  condition  of  a  melt. 

The  horizontal  evaporator  AS-2  (fig.  11-14)  is  designed  to 

evaporate  solutions  to  a  concentration  of  32-34 %  NH^NO^  by  liquor 

steam  that  is  fed  into  the  interpipe  space  from  the  ITN  unit.  It  is 

a  unit  with  two-way  tube  for  the  solution  without  a  floating  head. 

Pipes  in  a  quantity  of  180  have  a  diameter  of  32  x  2.5  mm  and 

length  of  4000  mm.  They  are  rolled  into  tube  grids.  The  unit, 

except  for  the  flanges  ,  is  completely  made  of  stainless  steel  and  is 

designed  for  working  pressure  of  1.1-1. 2  atm.  Units  are  also 

installed  with  diameter  of  the  housing  820  mm,  length  6200  mm  and 

2 

heating  surface  120  m  . 

The  horizontal  AS  evaporators  for  evaporation  of  solutions 
from  a  concentration  of  82-84%  to  98.4-98.6%  NH^NO^  consist  of  one 
or  several  sections  with  heat  exchange  surface  of  60  or  120  m  (fig. 
11-15) . 
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Figure  11-14.  Horizontal  Evaporator  AS-2 
Key: 
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Figure  11-15.  Section  of  AS  Evaporator 
Key: 

1 .  Housing 

2.  Pipes 
3,9.  Pipe  grids 

4.  Front  cover  (distributor  head) 

5.  Partition 

6.  Connecting  pipe  for  solution  discharge 

7.  Cover  of  floating  head 

8 .  Rear  cover 

10.  Air  pipe 
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13.  Steam-liquid  emulsion 

14.  Solution 
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Figure 

11-16.  Evaporation  Two-Si 

Unit  of 

Second  Stage 

Key: 
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The  shell -and -tube  uhit  is  two-way  for  the  solution.  The  tube 

2 

with  heating  surface  of  120  m  consists  of  360  pipes  32  mm  in  diameter. 

2 

Production  of  1  ^/h  of  NH^NO^  requires  12.5  m  of  heating  surface. 


Figure  11-16  shows  the  evaporation  unit  of  second  stage  which 
consists  of  two  sections.  Fresh  steam  is  fed  parallel  to  each 
section.  The  condensate  is  removed  downwards  through  the  condensation 
trap  (not  shown  in  the  figure)  arid  is  sent  to  the  expander ,  from  which 
part  of  the  condensate  enters  the  ammonia  preheater  of  the  neutrali- 
za:ion  section.  The  steam  formed  in  the  expander  is  also  used  in  the 
first  stage  evaporators  to  evaporate  solutions  of  ammonium  nitrate 
to  a  concentration  of  84%  NH^NO^. 

In  order  to  obtain  99.5-99.7%  melt  of  ammonium  nitrate, 
vertical  shell-and-tube  units  are  used  with  ’’falling"  film  of  solu¬ 
tion  and  countercurrent  blowing  through  with  hot  air  (175°C).  The 
heat  carrier  (steam  at  pressure  of  13  atm.)  is  fed  into  the  interpipe 
space.  Hot  air  blows  through  the  pipes  from  top  to  bottom  and 
additionally  evaporates  the  melt  that  is  sliding  along  the  inner 
surface  of  the  pipes,  and  then  is  removed  into  the  atmosphere. 


The  condensers  that  are  used  in  the  production  of  ammonium 
nitrate  are  divided  into  condensers  of  mixing  and  surface  condensers. 
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Figure  11-17.  Barometric  Con¬ 
denser 


Figure  11-18.  Surface  Condenser 
Key : 
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In  the  mixing  condensers  (barometric  condensers)  ,  the  liquor  steam 
is  cooled  and  condensed  as  a  result  of  mixing  with  the  cooling 
(industrial)  water  (fig.  11-17).  In  the  surface  condensers,  the 
liquor  steam  and  the  cooling  water  are  separated  by  pipe  walls  (fig. 
11-18) . 

The  new  productions  of  ammonium  nitrate  only  use  surface 
condensers  that  are  vertical  shell-and-tube  heat  exchangers  made  of 
stainless  steel.  In  order  to  improve  the  heat  exchange  conditions, 
the  surface  condensers  are  made  two-way  (for  water) .  The  diameter  of 
the  condenser  housing  is  300  mm,  height  4430  mm,  diameter  of  the 
pipes  25  x  2  mm,  total  heat  exchange  surface  125  m  . 
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Figure  11-19.  Nomogram  to  Determine  NH,N03 
Concentration  in  Melt  from  Temperature  of  Its 
Solidification 

Key : 

1.  Temperature  of  solidification  ,°C 

2.  NH4NO3  content  in  melt,  % 

The  liquor  steam  enters  the  pipes  of  the  surface 
condensers  and  the  cooling  water  enters  the  inter¬ 
pipe  space.  When  there  are  mechanical  admixtures  in 
the  cooling  water  (insufficient  cleanliness  of  the 
water)  ,it  is  fed  into  pipes  ,  while  the  liquor  steam 
is  fed  into  the  interpipe  space. 

Surface  condensers  require  a  higher  consumntion 
of  water  than  mixing  condensers ,  and  their  cost  is 
somewhat  higher.  However,  the  surface  condensers 
have  an  important  advantage  over  the  mixing  conden¬ 
sers  :  the  condensate  of  liquor  steam  formed  in 
them  can  be  used  for  production  needs. 

When  there  is  a  vacuum  in  the  evaporators  on  the 
order  of  520-550  mm  Hg ,  the  losses  of  ammonium 
nitrate  as  a  consequence  of  its  removal  by  the 
liquor  steam  is  0.12-0.13%  of  the  total  product  out¬ 
put.  The  losses  of  ammonium  nitrate  because  of  Its 
thermal  breakdown  during  evaporation  do  not  exceed 
0.03%  of  the  output. 


For  an  approximate  evaluation  of  the  NH^NOg  content  in  the  melt 
after  the  second  stage  of  evaporation,  one  can  use  a  nomogram  (fig. 
11-19)  that  is  based  on  the  dependence  of  the  solidification  point 
of  the  melt  on  the  NH^NOg  concentration.  With  an  increase  in  the 
moisture  content  in  the  melt,  its  solidification  point  drops. 


The  indicators  for  the  production  regime  of  the  evaporation 
stage  for  solutions  are  presented  below: 


105-100 


Temperature  ,°C 

of  liquor  steam  sent  for  heating  the 
evaporator  of  the  first  stage 
of  the  steam  sent  to  heat  the  evaporator 
of  the  second  stage  170-175 

of  the  water  fed  to  the  condensers  25-32;  15-20 

(summer)  (winter) 

Pressure  of  the  heating  steam  in  the  evaporators , 
atm. 

of  first  stage 
of  second  stage 

additional  evaporator  with  falling  film 
Rarefaction  in  evaporators,  mm  Hg. 
of  first  stage 
of  second  stage 

NH.NO,  concentration  at  outlet  from  units, % 
or  first  stage  heated  by  liquor  steam 
of  first  stage  heated  by  liquor  steam  with 
addition  of  fresh  steam 
of  second  stage 

of  additional  evaporator  with  falling  film 
Temperature  of  air  and  melt  at  outlet  from 
additional  evaporator  with  "falling  film",°C 

Crystallization  of  Ammonium  Nitrate  Melt 

Depending  on  the  methods  of  crystallization  of  the  ammonium 
nitrate  melt ,  a  product  is  obtained  in  the  form  of  small ,  partially 
crushed  crystals  (dimensions  to  0.5  mm)  ,in  the  shape  of  dense  flakes 
(plates  about  1  mm  thick  and  cross  dimension  of  3-6  mm)  ,  and  in  the 
form  of  spherical  granules  (diameter  primarily  2  mm) . 
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When  salt  is  obtained  from  an  ammonium  nitrate  melt,  a  consi¬ 
derable  quantity  of  heat  is  released  because  of  cooling  of  the  melt, 
crystallization  and  recrystallization  of  the  salt.  With  an  increase 
in  the  NH^NO^  concentration,  the  quantity  of  heat  that  is  released 
during  crystallization  of  the  salt  from  the  solutions  (melts)  is 
considerably  reduced:^ 


Concentration 
of  NH^NO-j ,  weight. I 

Quantity  of 

heat,  kcal/kg  of  salt 

NH.NOo 

concentration 
weight .  7. 

Quantity  of 
heat ,  kcal / 
kst  of  salt 

51 

57.6 

88 

36.6 

60 

55.6 

98.4 

27.1 

64 

46.6 
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The  crystallization  temperature  of  the  aqueous  solutions  of 
ammonium  nitrate  are  shown  in  fig.  11-20. 

Crystallization  of  nitrate  from  its  melts  is  done  in  a  unit 
with  complete  use  of  the  heat  of  the  process  (dish  type  crystallizers, 
worm  feeders)  .with  partial  use  of  heat  (cooling  roller  drums)  ,  and 
without  the  use  of  the  heat  (granulation  towers). 

Figure  11-20.  Crystallization  Temperatures 
of  Aqueous  Solutions  of  Ammonium  Nitrate 

Key : 

1.  Temperature  ,  °C 

2.  concentration,  weight. % 


The  dish  type  crystallizers  and  the  worm-crystallizers  are  used 
comparatively  rarely  in  industry  because  of  their  cumbersomeness 
and  low  output.  But  these  crystallizers  have  certain  merits.  Thus, 
because  of  the  use  of  the  heat  released  during  salt  crystallization, 
one  can  obtain  from  the  melts  with  reduced  NH^NO^  concentration  (94- 
96%)  nitrate  with  moisture  content  of  0.1-0. 2%.  The  salt  is  cooled 
in  the  dish  and  worm  crystallizers  by  simple  methods  to  a  temperature 
below  32.3°C.  As  a  consequence,  the  finished  product  can  maintain 
its  friability  for  a  long  time. 

The  dish  type  crystallizer  is  a  dish  4.2  m  in  diameter  and  1  m 
high.  The  unit  is  equipped  with  a  planetary  mixer  and  ring  pipeline 
with  outlets  directed  into  the  dish.  A  fan  feeds  air  into  the  ring 
pipeline.  According  to  the  standard  plan,  the  dish  crystallizer 
operates  in  batches  with  output  of  ~  50t?/day. 

The  cooling  roller  drums  are  continous  units  with  high  output. 

The  crystallizer  drum  (fig.  11-21)  is  made  of  forged  pig  iron 
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Figure  11-21.  Drum  Crystallizer  to  Produce  Flaked  Ammonium 
Nitrate 

Key: 

1 .  Rotating  drum 

2.  Drive  gear 

3.  Reducer 

4 .  Pan 

5.  Knife 

6.  Discharge  spout 

7.  Water 

addition  of  1.5%  nickel.  The  drum  diameter  is  1.3  m,  the  length  is 
2.2  m  (sometimes  the  drums  have  other  dimensions).  Within  the  drum 
that  rotates  at  a  speed  of  4-8  rpm,  there  is  a  fixed  drum  of  smaller 
diameter.  The  drum  is  actuated  by  an  electric  motor  through  a 
reducer  and  gear  drive.  Flowing  cooling  water  enters  the  ring  space 
between  both  drums.  It  emerges  through  the  hollow  shaft  and  the 
chambers  which  are  present  in  the  upper  half  of  the  inner  drum. 

Under  the  drum  there  is  a  pan  made  of  stainless  steel.  The 
ammonium  nitrate  melt  constantly  enters  it.  The  pan  is  installed 
so  that  the  drum  is  submerged  into  it  by  no  less  than  100  mm.  In 
order  to  maintain  the  melt  temperature  in  limits  of  140-150°C,  the 
pan  is  heated  with  the  help  of  steam  coils .  When  the  drum  rotates , 
a  crust  of  salt  is  formed  on  its  surface.  This  crust  is  0.8-1. 5  mm 
thick  and  is  cut  by  a  knife  which  is  attached  parallel  to  the  forming 
drum.  In  this  case,  the  crust  is  broken  down  into  agglomerated 
particles  of  salt  that  have  the  shape  of  flakes. 

The  output  of  the  cooling  roller  depends  very  strongly  on  the 
concentration  of  melt,  intensity  of  removal  of  crystallization  heat, 
and  the  number  of  drum  rotations.  The  average  output  of  the  roller 
with  5  rpm  is  from  120  to  150  ^/day. 
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The  percentage  of  ungranulated  ammonium  nitrate  that  is 
obtained  in  the  dish,  worm  and  drum  crystallizers  is  slight  as  com¬ 
pared  to  its  total  output.  However,  the  need  for  producing  a  certain 
quantity  of  finely- crystallized  and  flaked  product  for  a  number  of 
consumers  dictated  the  updating  of  the  old  type  of  crystallizers. 

For  example,  a  combination  of  dish  crystallizers  with  worm-final 
crystallizers  has  been  developed  and  successfully  realized.  This 
made  it  possible  to  obtain  finely  crystallized  nitrate  by  the  con¬ 
tinuous  method,  and  roughly  double  the  output  of  the  dish  crystal¬ 
lizers  . 

The  plan  for  producing  finely-crystallized  ammonium  nitrate 
on  cooling  rollers  in  combination  with  a  worm-final  crystallizer  is 
also  of  practical  importance.  According  to  this  plan  (fig.  11-22)  , 
the  melt  that  contains  95-96%  NH^NO^  is  fed  into  the  roller  pan.  It 
rotates  at  a  speed  of  16-20  rpm.  A  pulp-like  mass  of  ammonium  nitrate 
is  cut  off  the  surface  of  the  roller.  It  is  sent  to  the  worm  feeder 
for  final  crystallization.  The  front  part  of  this  worm  feeder  is 
equipped  with  a  sleeve  in  which  hot  condensate  is  fed  from  the  eva¬ 
porators.  In  the  rear  part  of  the  worm  feeder,  there  is  a  large 
quantity  of  air  ducts  for  cooling  the  moving  salt  mass.  The  shaft 
blades  along  the  length  of  the  worm-final  crystallizers  are  installed 
at  unequal  angles  and  have  different  design. 

Thia,  olan  produces  a  fine  bulk  product  with  moisture  content 
no  more  th^n  0.15%.  The  output  of  this  unit  is  15%  higher  than  that 
of  the  rollers  operating  on  a  standard  regime. 

Flaked  nitrate  is  only  obtained  on  cooling  rollers  (fig.  11-23). 
In  this  case ,  a  product  is  obtained  from  the  melt  with  moisture 
content  of  2%  and  temperature  of  70-80°C.  The  nitrate  flakes  are 
dried  on  the  rollers,  losing  roughly  0,5-0. 7%  moisture.  If  94-95% 
melt  is  fed  to  the  rollers  at  137-139°C  and  increased  rotations  of 
the  roller,  a  product  is  successfully  produced  which  is  close  to  a 
finely  crystallized  one.  In  this  case,  the  rollers  operate  on  a 
"hot  regime.”  The  temperature  of  the  cooling  water  at  the  outlet 


220 


from  the  roller  must  be  no  lower  than  70-75°C. 


Figure  11-22.  Cooled  Drum  with  Worm-Final 
Crystallizer 

Key : 

1.  Cooled  drum 

2.  Steam  sleeve 

3.  Worm-final  crystallizer 

4.  Water  sleeve 

5 .  Air 

The  cooling  rollers  are  intensified  almost  always  by  increasing 
the  number  of  their  rotations  ,  and  not  by  increasing  the  depth  of 
submersion  of  the  roller  into  the  pan  with  the  melt ,  otherwise  the 
quality  of  the  finished  salt  is  drastically  impaired.  Before 
packaging,  the  flaked  nitrate  is  dried,  and  sometimes  even  cooled. 

The  additives  which  improve  the  properties  of  ammonium  nitrate  are 
less  effective  for  flaked  salt  than  for  the  granulated  product.  A 
major  shortcoming  of  the  cooling  rollers  is  the  heterogeneity  of 
the  granulometric  composition  of  the  forming  salt.  This  prevents 
its  uniform  entrance  into  the  soil  with  the  help  of  fertilizer 
spreaders . 

The  cooling  rollers  have  consequently  been  replaced  at  almost 
all  the  plants  that  manufacture  ammonium  nitrate  for  agriculture  by 
hollow  granulation  towers.  The  granulation  tower  is  a  cylindrically 
shape  structure,  12  m  in  diameter  and  39  m  high,  or  ^fe»m  in  diameter 
and  40 . 5  m  high. 
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Granulation  towers  have  been  made  in  recent  years  from  mono¬ 
lithic  reinforced  concrete  (wall  thickness  400  mm) .  The  tower  is 
lined  on  the  inside  with  acid-resistant  brick,  laid  on  diabase  mortar 
The  lower  part  of  the  tower  is  the  bottom  made  in  the  shape  of  three 
truncated  cones,  between  which  ring  gaps  (slits)  are  formed  to 
suck  air  into  the  tower  and  to  clean  the  cones  of  excess  nitrate. 
There  are  also  operating  towers  with  cones  made  of  carbon  steel. 
Electric  vibrators  are  installed  on  their  outer  surface  (see  below). 

The  concentrated  ammonium  nitrate  melt  is  sent  from  the  units 
of  the  second  (or  third)  stage  of  evaporation  to  the  pressure  tank. 

A  small  quantity  of  gaseous  ammonia  is  fed  here  (0.05  kg/CNH^NO^) 
for  neutralization  of  the  acid  melt.  The  melt  goes  from  here  into 
the  granulator  (fig.  11-24)  which  has  a  sprayer,  a  basket  of  conical 
shape  whose  lateral  surface  has  several  thousand  different  size  holes 
The  granulator  is  made  of  stainless  steel  and  rotates  at  a  rate  of 
400-450  rpm.  The  flat  ceiling  of  the  tower  through  which  the  granu¬ 
lator  shaft  passes  is  often  protected  from  corrosion  by  sheet  stain¬ 
less  steel. 

3 

Three-four  axial-type  fans  with  output  of  100,000  m  /h  each  are 
installed  on  the  ceiling  covering  of  the  tower  in  the  extension  pipes 
The  fans  create  a  draft  on  the  order  of  40-60  mm  wat.  col.  to  suck 
out  the  air  from  the  towers .  The  air  enters  the  tower  through  28 
windows  that  are  arranged  below  on  the  entire  perimeter  of  the 
cylindrical  part  of  the  tower  (as  mentioned,  the  air  enters  the  tower 
also  through  gaps  in  the  cones).  A  quantity  of  200,000-300,000  m^/h 
of  air  is  fed  to  each  granulation  tower.  At  the  outlet  from  the 
tower,  it  contains  finely-dispersed  particles  of  nitrate  (roughly  0.8 
g  per  1  m  of  air) . 

The  drops  of  melt  that  fly  out  of  the  holes  of  the  granulator, 
when  dropped  from  a  height  are  washed  by  a  stream  of  cold  air  and 
solidify,  forming  granules.  In  this  case,  they  are  slightly  dried. 
Depending  on  the  quantity  and  temperature  of  the  air  fed  into  the 
tower,  and  on  its  melt  load,  the  granules  that  emerge  from  the  tower 
have  a  temperature  of  70-90°C,  and  enter  the  unit  for  cooling  in  the 
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Figure  11-23.  Plan  for  Producing  Flaked  Ammonium  Nitrate 
Key: 


1. 

Pressure  tank 

12. 

Washing  scrubber 

2. 

Evaporator 

13. 

Pump 

3. 

Separator 

14. 

Belt  conveyer 

4. 

Barometric  condenser 

15. 

Elevator 

5. 

Barometric  container 

16. 

Magnetic  separator 

6 . 

Hydraulic  valve 

17. 

Bin 

7. 

Cooling  roller 

18. 

Conveyer 

8. 

Vacuum  pump 

19. 

Water 

9. 

Heating  element 

20. 

Steam-liquid  emulsion 

10. 

Drying  drum 

21. 

Steam 

11. 

Fan 

22. 

Air 

23. 

Condensate 

24. 

To  sewage  system 

25. 

To  atmosphere 

fluidized  bed  to  50-60°C,  from  which  they  are  sent  to  the  packing 
division. 

The  major  shortcomings  of  the  granulation  towers  include: 
the  possibility  of  using  their  volume  only  by  roughly  50Z ,  high 
temperature  of  the  granules  after  the  tower  (before  cooling)  ,  ^  as 
well  as  the  high  capital  outlays  for  the  construction  of  the  towers, 
their  cumbersomeness,  etc.  These  shortcomings  are  partially  due  to 
the  imperfection  of  the  centrifugal  granulators  that  are  used  to 
spray  the  nitrate  melt. 

When  these  granulators  are  operating ,  the  main  load  for 
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Figure  11-24.  Centrifugal  Type  Granulator 

Key: 

1.  Sprayer  of  melt  consisting  of  three 
bands  of  holes  (lower- -diameter  of 
holes  1  mm,  tniddle--diameter  of 
holes  1.2  mm  and  upper- -diameter  of 
holes  1.4  mm) 

2.  Vessel  for  melt  overflow 

3.  Electric  motor 

4.  Coils  for  preheating  melt 

5.  Air  pipe 

6.  Steam  8.  Condensate 

7.  Melt  9.  Overflow 

nitrate  is  on  a  relatively  small  ring  space 
that  is  a  distance  of  4-6  m  from  the  axis  of 
the  granulation  tower  ,  and  its  central  and 
side  vessels  are  practically  not  operating^  ’ 
’  '  As  a  consequence  of  the  different 

angular  velocity ,  even  when  the  best  centri¬ 
fugal  granulators  are  used ,  drops  of  melt  of 
unequal  dimensions  are  thrown  into  the 


tower .  Their  cooling  and  formation  requires 
varying  times  and  varying  tower  height. 


New  designs  are  currently  being  tested  for  the  granulation 
devices  (static  granulators)  that  make  it  possible  to  obtain  a  large 
quantity  of  granules  per  unit  of  volume  of  the  tower  and  to  reduce 
their  temperature. 


The  granulometric  composition  of  the  ammonium  nitrate  that  is 
obtained  vihen  centrifugal  granulators  are  used,  is  roughly  as 
follows : 


Granule  dimensions 
mm 

Number 

1 

Granule  dimenions 
mm 

Number 

Z 

3-7 

1.3 

1-2 

42 

2.5-3 

5.3 

1-1.5 

20 

2-2.5 

30 

0.6  and  less 

Remaining 

The  higher  the  concentration  of  the  melt  and  the  more  intensive 
the  cooling  of  its  drops  ,  the  fewer  pores  and  cracks  are  formed  in 
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Che  granules  and  the  higher  their  strength  becomes.  This  is  explained 
by  the  fact  that  under  the  given  conditions ,  the  maximum  number  of 
individual  crystals  is  "packed"  into  each  granule.  There  is  almost 
no  migration  of  the  mother  liquor^  between  these  crystals. 


TABLE  11-14.  TEMPERATURE  OF  GRANULES,  TEMPERATURE,. 
AND  HUMIDITY  OF  AIR  AT  HEIGHT  OF  GRANULATION  TOWER-30 


*  Towm  otGopa  n»ofl 
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S  paccromiM 
or  oca  fiamua 

M 

4 
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Boaayx* 

■  Oamiit 

10 

7 

3 

0 

5 

7 

37,5 

102,0 

45,0 

100,0 

41,0 

34.5 

44.5 

41.5 

45.5 

35.5 

48.5 

32.5 

42.5 

40,0 

38,0 

15 

t 

7 

5 

1 

0 

3 

5 

'  40,0 

100,0 

71,0 

46,5 

90,0 

99,0 

36,0 

39,0 

40.5 

41.5 

39.5 

38,0 

54,0 

48.5 

48,0 

40,0 

45.5 

41.5 

20 

7 

5 

3 

0 

3 

5 

7 

31,0 

78,0 

82.5 

38.5 

80,0 

83.5 

49,0 

30,0 

39,0 

34,5 

35,0 

31,0 

38,0 

35,0 

51.0 

42,5 

42.5 

51.5 

41^5 

47,0 

Key: 

1 .  Points  of  sample  taking 

2.  Temperature,  °C 

3.  Relative  air  humidity,  % 

4.  Distance  from  granulator,  m 

5.  Distance  from  tower  axis,  m 

6.  Salt 

7.  Air  in  tower 


Normal  formation  and  cooling  of  the  granules  that  are  obtained 

from  the  melt  that  contains  98. 4-98. 6£  NHaNO,  requires  towers  of 
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height  26-28  m.  Only  granules  of  size  to  1  mm  are  successfully 

completely  formed  and  hardened  at  a  distance  of  roughly  10  m  from 

the  granulator.  The  granules  of  larger  dimensions,  although  they  are 

formed  at  a  distance  of  20  m  from  the  granulator,  have  a  high 

temperature  <75-80°C). 


Table  11-14  presents  data  on  the  temperature  of  the  granules, 
temperature  and  humidity  of  the  air  according  to  the  tower  height 
when  200,000  m^/h  of  air  is  fed  to  it. 


Figure  11-25.  Plan  for  Arrangement  of  Granulation 
Towers  and  Evaporator  Station 

Key : 

1.  Granulation  towers 

2.  Sprayers  of  melt 

3.  Tanks  for  melt 

4 .  Evaporators 

5.  Trough  for  melt 

6 .  Hydraulic  valve 
7,9.  Separators 

8.  Pressure  tank 

10.  Extension  pipes 

11.  Axial  fans 

12.  Barometric  condensers 

13.  Barometric  containers 

14.  Conveyer 

15.  Air 

16.  Solution 

17.  To  vacuum-pumps 

18.  Granulated  ammonium  nitrate 


With  an  increase  in  the  quantity  of  air  that  is  fed  to  the 
granulator  tower,  the  temperature  is  somewhat  diminished  in  its 
lower  part ,  however  in  this  case  ,  the  losses  of  nitrate  that  is 
carried  away  by  the  air  from  the  tower  significantly  rise.  For 
example ,  according  to  the  average  data  of  studies  on  granulation 
towers,  the  losses  of  nitrate  with  the  spent  air  when  150,000  m  /h 
of  air  are  fed  to  the  tower  are  1.19  kg/T,  and  with  200,000  m  /h — 
no  less  than  1.43  kg/C  NH^NC^. 

With  an  increase  in  the  temperature  of  the  granules,  the 
nitrate  adheres  in  the  lower  part  of  the  tower.  Consequently,  the 
conical  part  of  the  towers  has  been  made  of  steel  and  vibration 
devices  have  started  to  be  used.  In  this  case,  a  special  metal 
frame  is  installed  in  the  lower  part  of  the  tower  which  is  not  con¬ 
nected  to  its  housing.  A  steel  cone  is  mounted  on  this  frame. 

The  cone  consists  of  four  bands  ,  each  of  which  is  attached  to  the 
frame  by  suspension  arms.  The  three  upper  bands  of  the  cone  have 
24  vibrators:  10  on  the  upper,  8  on  the  middle  and  6  on  the  lower. 
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The  vibrators  are  actuated  with  the  help  of  transmission 
devices  by  an  electric  motor  that  is  periodically  turned  on,  and  the 
cone  begins  to  shake.  In  this  case,  the  nitrate  adhering  to  the 
cone  is  separated  from  it ,  rolls  downwards  towards  the  discharge 
hoppers  ,  and  further  is  transported  with  the  entire  mass  of  nitrate 
to  the  packing  section.  On  the  sections  of  greatest  attachment  of 
the  nitrate  to  the  cone,  a  metal  rod  is  placed  on  its  inner  surface. 

It  beats  the  nitrate  when  the  vibrators  are  turned  on. 

The  use  of  vibration  cones  in  the  granulation  towers  has 
eliminated  many  shortcomings  that  are  inherent  to  the  fixed  cones: 
the  idle  time  of  the  towers  for  cleaning  is  drastically  reduced,  there 
is  no  need  for  heavy  physical  work  within  the  tower  when  cleaning 
the  cones ,  and  the  outlays  of  labor  in  operating  the  towers  are  con¬ 
siderably  reduced. 

The  combination  of  vibration  cones  with  cooling  of  the  nitrate 
in  the  fluidized  bed  made  it  possible  to  increase  the  output  of  the 


granulation  towers.  Thus,  the  output  of  towers  40.5  m  high  and 
16  in  in  diameter  reaches  730  ^/day  and  more.  No  less  than  two  towers 
were  previously  installed:  one  operated  while  the  other  was  in 
reserve  in  case  of  cleaning  or  repair. 


Figure  11-26.  One  of  the  Versions  of  Unit 
Design  for  Cooling  Granulated  Ammonium  Nitrate 
in  the  Fluidized  Bed 

Key: 

1 .  Tower  cone 

2 .  Rubber  hood 

3.  Grid  carrying  fluidized  bed 

4.  Telescopic  device 

5.  Pipe  for  removal  of  cooled  granules 

6.  Grid  for  air  distribution 

7.  Belt  conveyer 

8.  Cable  for  moving  unit  with  helo  of  winch 

9 .  Air 

10.  At  A-A 


Figure  11-25  shows  the  plan  for  arrangement  of  the  granulation 
towers  and  evaporator  station  for  evaporating  solutions  of  ammonium 
nitrate  to  the  state  of  a  melt. 

Cylindrical,  rectangular  and  other  types  of  towers  9-13  m  in 
diameter  and  height  60  m  and  more^®  are  used  abroad  for  granulating 
ammonium  nitrate.  These  granulation  towers  are  made  of  aluminum  or 
reinforced  concrete,  lined  with  thin  aluminum  foil.  The  nitrate 
melt  is  often  sprayed  from  a  number  of  stationary-attached  heating 
pipes  with  holes  of  definite  sizes.  This  makes  is  possible  to  obtain 
granules  of  an  assigned  granulometric  composition.  A  highly  concen¬ 
trated  melt  that. contains  no  more  than  0.4%  moisture  is  generally 
granulated  in  the  modern  foreign  ammonium  nitrate  plants. 
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Cooling  of  Ammonium  Nitrate 


The  effect  of  inorganic  additives  on  the  physical  properties 
of  ammonium  nitrate  significantly  depends  on  the  temperature  at  which 
the  salt  is  loaded  into  the  packaging.  When  ammonium  nitrate  is 
loaded  which  contains  0.45%  additives  of  nitrates  of  magnesium  and 
calcium,  at  a  temperature  of  70-75aC,  the  friability  of  the  salt 
is  significantly  deteriorated  already  after  45-day  storage  in  a 
warehouse.  Similar  cases  were  observed  when  the  ammonium  nitrate 
was  stored  which  contained  additives  of  products  of  nitric  acid 
breakdown  of  apatite  concentrate. 

Before  a  method  was  worked  out  for  cooling  the  ammonium  nitrate 
in  the  fluidized  bed  (see  below)  ,  the  nitrate  was  (and  now  in  rare 
cases)  cooled  by  air  in  rotating  drums  2.8  m  in  diameter  and  14  m 
long.  The  air  was  precooled  in  a  scrubber,  sprinkled  with  fresh 
water,  from  which  it  was  injected  by  fan  into  the  drum  where  the 
nitrate  was  cooled  roughly  to  50-60°C.  The  high  cost  of  the  unit, 
the  significant  consumption  of  air ,  abrasion  of  the  salt  with  the 
formation  of  up  to  20%  fine  particles  and  their  piling  up  in  the 
pipelines  dictated  the  limited  use  of  the  rotating  drums  for 
cooling  ammonium  nitrate. 

Cooling  of  granulated  ammonium  nitrate  in  the  fluidized  (pseudo- 
37-39  115 

liquefied)  bed  ’  has  been  introduced  in  recent  year.  Very 

intensive  cooling  of  the  granules  occurs  in  the  units  with  fluidized 

bed.  For  example,  granules  2  mm.  in  size  which. have  a  temperature  of 

80°C,  falling  into  the  fluidized  bed  whose  temperature  equals  45°C, 

38 

are  cooled  to  this  temperature  in  15-20  s. 

In  order  to  form  the  fluidized  bed  of  granules ,  It  is  sufficient 
for  the  linear  velocity  of  the  stream  of  liquefying  agent  (air)  to  be 
on  the  order  of  0.9-1. 2  m/s.  This  is  attained  by  using  standard 
fans. 

Hydraulic  resistance  of  the  fluidized  bed  of  granules  100  mm 
high  does  not  exceed  40-50  mm  wat.  col.  The  total  resistance  of  the 
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1.  Scrubber-neutralizer 

2.  Vacuum- evaporator 
3,6,35.  Hydraulic  valves 
4  ,20  ,21 . Pumps 

5.  Washer 
7.  Trap 

8,9,31.  Pressure  tanks 

10.  Separator  of  liquid  ammonia 

11.  Heater  of  gaseous  ammonia 

12.  Preheater  of  nitric  acid 

13.  ITN  unit 

14.  Trap- separator 

15.  Evaporator  of  first  stage 

16.  Hydraulic  valve-final  neutralizer 

17.  Slit  flowmeter 

18,19.  Collectors  of  solution  of  ammonium  nitrate 

22.  Barometric  container 

23.  Barometric  condenser 

24.  Condensat  expander 
25,26.  Condensate  collectors 
27  ,28.  Vacuum  pumps 

29.  Steam  humidifier 

30.  Surface  condenser 

32.  Vacuum- evaporator  units  of  second  stage 
33,34.  Separators 

36 .  Trough 

37.  Buffer  tank  for  melt  of  ammonium  nitrate 

38 .  Granulation  tower 

39.  Axial  fan 

40.  Sprayer  of  melt 

41 .  Conveyer 

Key:  42.  Solution  of  additives 

43.  HNO-  to  warehouse 

44.  Stesfm  condensate  to  plant  network 

45.  Condensate  of  liquor  steam 

46.  Fuel  gases  to  combustion 

47.  Tank  and  blow- through  gases 

48.  Fresh  circulating  water 

49.  Spent  circulating  water 

50.  NH~  gas 

51 .  Gaseous  ammonia 

52.  Steam  53.  Condensate 

Designations  of  the  automatic  regulator: 

P,.  Regulator  of  pressure  of  ammonia- containing  gases ("to  itself") 
P~.  Regulator  of  supply  of  nitric  acid  according  to  acidity  of 
solutions  at  outlet  from  scrubber  1 
P^.  Regulator  of  supply  of  solutions  for  evaporation  according  to 
J  level  of  liquid  in  tank-hydraulic  valve 
Pa.  Regulator  of  pressure  of  gaseous  ammonia  ("after  itself") 

Pe.  Regulator  stabilizing  the  supply  of  ammonia  to  the  ITN  unit 
P?.  Regulator  of  supply  of  nitric  acid 
''  according  to  acidity  of  solutions  at  outlet  from  ITN  unit 
P,.  Regulator  of  blowing- through  of  evaporator  according  to 
'  temperature  of  outgoing  solution 
Pg.  Regulator  of  supply  of  solution  of  DLM  additive  according 
to  quantity  of  solution  of  ammonium  nitrate 

230 


Pg.  Regulator  of  supply  of  ammonia  according  to  alkalinity  of 
solutions  at  outlet  from  final  neutralizer 
P^q.  Regulator  of  supply  of  fresh  water  according  to  temperature  of 
condensate  at  outlet  from  collector  25 
P,,.  Regulator  of  supply  of  fresh  steam  according  to  pressure  in 
collector  of  liquor  steam 

P,2-  Regulator  of  output  of  condensate  according  to  level  of 
liquid  in  steam  humidifier 

P,^*  Regulator  of  supply  of  fresh  water  according  to  temperature  of 
condensate  at  outlet  from  unit  30 
P^/j.  Regulator  of  pressure  of  fresh  steam  ("after  itself") 

layer  of  cooling  granules  of  ammonium  nitrate  and  the  grid  above 

which  the  fluidized  bed  is  located  is  70-110  ram  wat.  col.  Therefore, 

for  the  formation  of  a  fluidized  bed  it  is  sufficient  to  install  a 
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fan  which  creates  pressure  in  limits  of  150-200  mm  wat.  col. 

The  granulated  ammonium  nitrate  in  the  fluidized  bed  is  cooled 

in  units  that  are  located  within  or  outside  of  the  granulation  tower. 

One  of  the  designs  of  the  portable  unit  for  cooling  granules  that 

was  developed  as  applied  to  the  active  production  of  ammonium  nitrate 

is  a  rectangular  box  (made  of  carbon  steel)  ,  1400  mm  wide  and  7000  mm 

long.  It  is  placed  directly  under  the  last  cone  of  the  granulation 

2 

tower.  The  box  holds  a  grid  with  section  of  9.8  m  made  of  stainless 
steel  with  holes  2.5-3  mm  in  diameter  and  spacing  of  the  holes  10-12 
mm.  The  free  (passage)  section  of  all  the  holes  is  5-10%  of  the 
grid  area.  The  grid  can  be  installed  at  different  angles  towards 
releasing  the  cooled  granules.  For  better  distribution  of  the  air, 
it  is  fed  under  the  grid  through  five  cones  that  are  equipped  with 
gate  valves. 

In  order  to  prevent  large  pieces  of  nitrate  from  falling  into 
the  fluidized  bed  (sometimes  they  fall  off  the  walls  of  the  towers)  , 
a  grid  is  placed  above  the  loading  neck  of  the  cooling  apparatus  , 

This  grid  has  holes  10-15  mm  in  size.  The  cooled  granules  "flow  out" 
of  the  unit  directly  to  the  belt  conveyer  that  feeds  the  nitrate  into 
the  bin  of  the  packing  division. 

In  the  summer,  this  unit  cools  granules  to  25 °C  when  it  is 
loaded  for  nitrate  In  a  quantity  of  24  V/h  and  rate  of  air  supply 
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1-1.3  m/s.  In  this  case,  the  flying  away  of  salt  dust  is  0.5- 
0.7  kg  per  1  V  of  finished  product.  The  spent  air  from  the  cooling 
unit  is  directed  into  the  granulation  tower. 


In  order  to  cool  the  granules  in  the  fluidized  bed,  a  device 
is  also  used  which  is  located  in  the  lower  part  of  the  cone  of  the 
granulation  tower.  The  characteristics  of  the  design  and  the 
operating  conditions  of  this  device  are  presented  below: 


Diameter ,  nna 

of  cooling  grid  4520 

of  overflow  pipe  1100 

of  grid  holes  2.5 

Height  of  fluidized  bed,  100 
mm 


2 

Useful  area  of  grid,  m  15 
Spacing  between  holes  , 
mm  10-11 

Velocity  of  air,  mis  2-3 

Quantity  of  air,  nr/h  60,000 


In  this  device ,  the  nitrate  granules  in  the  summer  are  cooled 
to  25-35°C.  Their  temperature  at  the  outlet  from  the  unit  does  not 
exceed  50 °C.  Cases  of  piling  up  of  the  holes  of  the  grid  are  very 
rare.  The  air  is  suctioned  from  the  granulation  tower  by  axial  fans. 

Figure  11-26  presents  one  of  the  designs  of  the  unit  for  cooling 
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granulated  ammonium  nitrate  in  a  fluidized  bed.  This  unit  is 
installed  under  the  granulation  tower  (instead  of  its  lower  cone) 
and  is  cone  1  in  which  grid  3  is  placed.  It  carries  the  fluidized 
bed  (diameter  of  the  holes  3  mm,  spacing  between  them  11-12  mm). 

The  tower  cone  is  connected  to  the  unit  with  the  help  of  a 
tightly  secured  rubber  apron  2.  In  the  center  of  the  unit  there  is 
a  telescopic  device  4  which  makes  it  possible  to  regulate  the 
necessary  height  of  the  fluidized  bed.  This  device  is  installed  in 
the  upper  cone  of  pipe  5  which  is  designed  to  remove  the  cooled 
granules  from  the  fluidized  bed.  For  more  uniform  distribution  of 
the  air  that  is  directed  under  grid  3  with  the  fluidized  bed  of 
granules,  the  unit  has  a  second  grid  6  with  holes.  There  is  a  man¬ 
hole  in  the  lower  part  of  the  cone  for  examination  or  cleaning  the 
unit. 


The  hot  granules  roll  from  the  cone  of  the  granulation  tower 

to  the  peripheral  sections  of  the  fluidized  bed  and  are  moved  in 
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radial  direction  towards  the  center  of  the  unit.  The  cooled  granules 
are  continually  removed  on  pine  5  to  belt  conveyer  8  which  feeds  the 
product  into  the  bin  of  the  packing  section.  The  air  from  the  unit 
with  fluidized  bed  directly  enters  the  granulation  tower.  When  the 
tower  is  being  cleaned  of  excess  salt,  the  described  unit  is  rolled 
to  the  side  by  cable  3  and  a  small  winch. 

The  following  basic  operating  indicators  are  adopted  in 
designing  such  one- stage  cooling  units  for  new  ammonium  nitrate  shops: 


2 

Load  on  the  grid  (output)  ,  T7( m  x  h)  2 

Height  of  layer  of  granules  on  grid,  mm  50-100 

Consumption  of  air  for  cooling  qranules  that  have 
temperature  of  80°C  (summer) ,  nr*/l  of  product  2000 

Linear  velocity  of  air  in  fluidized  bed  (  counting 
on  the  complete  section  of  the  tower)  ,  m/s  1 

Losses  of  nitrate  because  of  wear  and  tear,  kg/t  to  1.5 


The  new  drafts  for  the  production  of  ammonium  nitrate  for 
reduction  of  the  granule  temperature  provide  for  two- stage  cooling  of 
them  in  the  fluidized  bed  (in  the  lower  part  of  the  granulation 
tower).  In  a  tower  of  diameter  12  m,  the  first  cooling  stage  occupies 
an  area  of  diameter  7.5  m,  and  is  separated  from  the  second  stage 
by  a  ring  metal  edge.  Air  is  fed  under  the  grid  of  the  first  stage 
by  a  fan.  The  stream  of  granules  at  temperature  of  120 °C  enters  the 
fluidized  bed  of  the  first  stage,  is  cooled  here  to  50-52°C,  and 
passes  to  the  second  stage  of  cooling  through  two  diametrically 
opposed  edge  openings.  The  salt  in  the  second  stage  is  cooled  by 
the  cross  movement  of  the  streams  of  granules  and  air  which  is 
conditioned  for  temperature  and  humidity.  Part  of  the  air  is  pre¬ 
cooled  by  the  evaporating  ammonia. 

The  production  flowsheet  for  granulated  ammonium  nitrate  (with¬ 
out  separation  of  its  final  treatment)  with  the  basic  devices  and 
instruments  for  automatic  regulation  and  control  of  the  process  is 
shown  in  fig.  11-27. 
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Drying  of  Ammonium  Nitrate 


The  process  of  drying  ammonium  nitrate  is  done  by  direct 
contact  of  an  air  stream  and  the  salt  in  rotating  drums  with  different 
number  of  revolutions.  Since  ammonium  nitrate  is  hygroscopic,  its 
drying  occurs  slowly  and  with  insufficient  completeness. 

Ammonium  nitrate  ,  like  many  other  hygroscopic  salts  which  have 
high  solubility  in  water,  contains  superficial,  capillary  and  ad¬ 
sorption-linked  moisture.  When  ammonium  nitrate  is  ^ried ,  it  is 
the  most  difficult  to  remove  the  capillary  and  adsorption-linked 
moisture.  It  must  be  shifted  from  inside  the  salt  particles  to  the 
surface  by  capillary  forces  and  the  difference  in  pressures  of  the 
water  vapors  above  the  saturated  solution  of  salt  and  in  the  air  used 
as  the  drying  agent. 

The  dimensions  and  shape  of  the  salt  particles  have  a  large 
effect  on  the  rate  of  drying  by  heated  air.  With  an  increase  in  the 
dimension  of  the  particles  ,  the  drying  of  the  salt  is  impaired. 
Therefore ,  fine-crystalline  anmonium  nitrate ,  because  of  the  large 
surface  of  its  particles  ,  gives  off  moisture  considerably  faster  than 
flaked,  and  especially  granulated  nitrate.  The  granules  almost  always 
have  a  "partially  fused"surface  which  prevents  evaporation  of  the 
moisture  and  its  movement  from  inside  the  granules. 

Consequently ,  granulated  ammonium  nitrate  is  generally  not 
dried,  and  in  the  melt  that  is  sent  for  crystallization,  an  attempt 
is  made  to  leave  no  more  than  0.3Z  moisture.  Finely-crystallized 
and  flaked  ammonium  nitrate  that  are  obtained  from  a  melt  with 
relatively  high  water  content  have  to  be  dried.  In  this  case,  the 
superficial  moisture  is  mainly  removed  from  the  flaked  nitrate 
(initial  moisture  content  of  salt  1.5-2. 5%,  final  0.8-1Z). 

Industry  uses  the  following  methods  of  drying  ammonium  nitrate: 
drying  by  air  heated  to  115-1208C  ("hot  drying");  drying  by  air 
heated  to  105-110°C,  with  subsequent  cooling  of  the  salt  by  unheated 
air;  drying  with  cooled  air  with  simultaneous  cooling  of  the  salt 
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("cold"  drying). 


In  "cold"  drying  of  ammonium  nitrate ,  the  processes  of  drying 
and  cooling  of  the  salt  are  combined.  This  makes  it  possible  to 
obtain  a  product  with  somewhat  improved  physical  properties.  However, 
the  method  of  "cold"  drying  has  not  become  popular ,  since  it  has 
significant  shortcomings  (low  output  of  the  drying  drums,  high 
consumption  of  air,  need  to  cool  it  with  liquid  ammonia,  etc.). 


Figure  11-28.  Plan  of  "Hot"  and  "Cold"  Drying 
and  Cooling  of  Ammonium  Nitrate 

Key: 


J 

1. 

Air  preheater 

13. 

Liquid 

2. 

Axial  fan 

14. 

Moist 

3. 

Drying  drum 

15. 

Dry 

4. 

Scrubbers 

16. 

50%  solution 

5. 

Centrifugal  fans 

17. 

To  evaporation 

6. 

Circulating  pumps 

18. 

Water 

7. 

Cooling  drum 

S. 

Air  cooler 

Key:  9. 

Steam 

10. 

Air 

11. 

Condensate 

12. 

Gaseous 

In  order  for  moisture  to  be  removed  sufficiently  rapidly  from 
the  salt,  the  air  must  have  low  relative  velocity.  In  "hot"  drying, 
this  is  attained  by  heating  the  air  to  115-120°C.  With  "cold" 
drying  ,  the  relative  air  humidity  is  reduced  by  partial  freezing  of 
the  moisture  out  of  it. 
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Both  "hot"  and  "cold"  drying  of  ammonium  nitrate  are  done  in 
horizontal  rotating  drums  that  in  the  majority  of  cases  have  a 
diameter  of  1.7  m,  length  of  11  ra,  and  are  installed  with  incline 
towards  the  movement  of  the  salt  particles.  Within  the  drum,  over  its 
whole  length,  there  are  rounded  blades  that  are  designed  to  sprinkle 
the  salt  while  the  drum  rotates  and  during  its  movement  towards  the 
outlet  from  the  dryer.  In  "hot"  drying,  the  air  that  is  fed  to  the 
drum  is  preheated  by  steam  in  heating  elements  or  shell-and-tube 
heat  exchanger,  and  is  fed  to  the  drum.  The  air  is  drawn  through  the 
drum  by  a  fan  and  moves  in  a  direct  stream  with  the  dried  salt. 

Small  particles  of  salt  are  carried  away  by  the  air  exiting  from  the 
dryer.  They  are  then  trapped  from  it  in  the  scrubber  which  is 
sprinkled  by  a  solution  of  ammonium  nitrate.  After  washing  in  the 
scrubber,  the  air  is  sent  into  the  atmosphere.  As  the  concentration 
of  sprinkling  solution  reaches  roughly  50%  NH^NO^,  part  of  it  is 
removed  from  the  scrubber  for  evaporation.  The  remaining  solution 
is  diluted  with  water  and  is  again  sent  for  circulation. 

As  practice  indicated,  "hot"  drying  is  not  very  effective:  in 
this  case  the  moisture  content  of  the  flaked  nitrate  is  lowered  only 
by  0.7-1$,  and  the  temperature  of  the  salt  after  drying  is  found  in 
limits  of  50-60°C.  One  therefore  has  to  sometimes  additionally  cool 
the  nitrate  in  a  separate  drum. 

In  "cold"  drying,  the  air  circulates  in  a  closed  system:  drum- 
scrubber-drum.  Wet  salt  enters  the  drying  drum  from  the  rollers,  and 
air  is  fed  by  a  fan.  The  air  is  precooled  to  a  temperature  of  -5  - 
-8°C  in  the  scrubber  which  is  sprinkled  by  a  40-50$  cold  solution  of 
ammonium  nitrate.  The  sprinkling  solution  is  cooled  to  -10°C  in  the 
ammonium  evaporator. 

The  air  heated  in  the  drying  drum  is  cooled  in  the  scrubber, 
at  the  same  time  cleaned  of  the  salt  particles  it  has  carried  away. 
When  the  NH^NO^  content  in  the  solution  sprinkling  the  scrubber 
reaches  50%,  part  of  the  solution  is  removed  for  evaporation,  and 
water  is  added  to  the  remaining  solution  and  its  circulation 
continues . 
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A  significant  shortcoming  of  the  processes  of  "hot"  and  "cold" 
drying  is  crushing  of  the  salt  in  the  drums  and  the  formation  of 
dust  which  is  carried  off  with  the  air  into  the  pipelines  ,  piles  up 
on  the  drum  blades,  intensifies  corrosion  of  the  equipment,  etc. 

Figure  11-28  presents  a  plan  of  "hot"  drying  that  is  combined 
with  "cold"  drying  and- with  cooling  of  the  ammonium  nitrate  (with 
single  use  of  the  air) . 

Table  11-15  presents  the  characteristics  of  the  operation  of 
units  for  drying  ammonium  nitrate  that  use  "hot"  and  "cold"  regimes. 


TABLE  11-15.  CHARACTERISTICS  OF  OPERATION  OF  DRUM  DRYERS 
(drum  diameter  1.6  m,  length  11  m) _  |  _ 


Indicators 

"cold"  drving 

Air  temperature ,°C 

at  inlet 

120 

-6 

at  outlet 

80 

25 

Relative  air  humidity  ,% 

at  inlet 

20 

-100 

at  outlet 

25 

40 

Temperature  of  dried  salt,°C 

at  inlet 

70 

70 

at  outlet 

60 

25-30 

Moisture  content  of  dried  salt ,% 

at  inlet 

1.5 

1.5 

at  outlet 

0.8 

0.8 

Drum  output .  T’/h 

7 

3.5-4 

Packing .  Storage  and  Shipping  of  Ammonium  Nitrate 


Packaging .  Ammonium  nitrate  is  packed  in  paper  five-  and  six- 
layer  bags  (GOST  2226-62) .  The  inner  layer  of  paper  which  touches 
the  salt  must  be  uniformly  impregnated  with  bitumen-motor  oil  mixture 
(90%  bitumen,  10%  motor  oil).  The  weight  of  the  bag  with  the 
product  must  be  45-50  kg  (permissible  deviations  ±  1  kg). 


In  addition  to  paper  bags  with  open  neck  sewn  up  by  machine 
after  their  filling  with  nitrate,  paper  flap  bags  are  used.  In  one 
comer  they  have  a  hole  that  is  covered  from  the  inside  by  a  paper 
flap. 
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The  bags  Chat  can  be  used  for  packing  the  nitrate  have  insuf¬ 
ficient  moisture-impermeability  and  mechanical  strength.  As  a  result, 
the  caking  of  the  nitrate  increases  and  its  losses  during  shipping 
rise. 

According  to  GOST  2-65  ,  it  is  permitted  to  pack  ammonium 
nitrate  in  polyethylene  bags  whose  neck  must  be  sealed  by  machine. 

The  polyethylene  is  distinguished  by  high  chemical  stability.  It  is 
stable  with  changes  in  temperature  in  limits  from  -60  to  +70°C  , 
elastic  and  gas  impermeable.  As  indicated  by  tests  of  polyethylene 
bags  with  nitrate,  as  well  as  the  practice  of  their  extensive  use 
abroad,  these  bags  are  completely  hermetically  sealed.  This  excludes 
the  possibility  of  air  moisture  penetrating  the  salt  which  drastically 
reduces  the  quality  of  the  finished  product. 

Packing.  Ammonium  nitrate  is  fed  into  the  section  for  packing 
by  belt  conveyers  that  are  placed  in  inclined  tunnels.  The  nitrate 
is  discharged  from  the  conveyer  into  a  bin ,  from  which  it  enters  the 
scale  units- sewing  machine. 

This  unit  often  consists  of  two  semiautomatic  scales  and  sewing 
machine  with  output  of  30-35  C/h. 

The  nitrate  is  poured  from  the  bin  into  a  paper  bag  attached  by 
a  special  clamp  on  the  neck  of  the  hopper.  The  bag  filled  with  salt 
is  weighed  and  sent  to  the  conveyer  to  the  sewing  machine.  The 
sewn  bag  is  advanced  to  the  spiral  drain  pan  and  is  sent  directly 
to  the  railroad  cars  or  on  a  central  conveyer  to  the  warehouse.  Bags 
with  nitrate  are  distributed  to  the  warehouse  by  a  mobile  cart  that 
places  the  bags  in  piles. 

Three-connection  automatic  units  are  often  installed  in  the 
packing  sections.  They  fill  the  flap  bags  and  weigh  them. 

In  order  to  remove  from  the  nitrate  metal  objects  (nuts,  bolts, 
etc.)  that  accidently  fall  into  it,  electromagnetic  separators  are 
installed  above  the  transporters  that  feed  salt  to  the  bins  in  the 
packing  section. 
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Figure  11-29.  Plan  for  Arrangement 
of  Equipment  in  Ammonium  Nitrate 
Packing  Section 

Key : 

1.  Inclined  belt  conveyers 

2.  Bin  with  ammonium  nitrate 
(to  automatic  scales) 

3.  Automatic  scales 

4.  Hopper  from  automatic  scales 

5.  "Clamp"  for  bags 

6.  Sewing  machine 

7 .  Spiral  descent  of  bags  from 
sewing  machine 

8.  Belt  conveyer  to  warehouse 


In  order  to  supply  empty  bags  to  the  packing  section  from  the 
packaging  warehouse,  there  is  a  special  hoist. 


Figure  11-29  depicts  the  plan  for  arrangement  of  the  equipment 
in  the  packaging  section. 


The  warehouses  of  nitrate  have  automatic  units  that  combine 
the  operation  of  automatic  loader  and  piler  to  load  the  nitrate  into 
the  railroad  cars. 


Storage  and  shipping.  If  there  are  interruptions  in  the  ship¬ 
ping  of  nitrate  to  the  enterprises  ,  it  is  currently  permitted  to 
store  not  more  than  1500  X  of  this  product. 


The  total  capacity  of  each  of  the  base  warehouses  that  must  be 
of  the  closed  type  and  be  outside  the  enterprise  territory ,  at  a 
great  distance  from  residential  and  industrial  buildings  and  struc¬ 
tures  may  correspond  to  10-day  output  of  the  industry ,  but  not  exceed 
10,000  X  of  ammonium  nitrate. 


Storage  and  shipping  of  nitrate  in  a  heap  are  forbidden  in  the 
USSR.  Nitrate  is  stored  in  separate  piles  no  more  than  2  m  high. 


The  gaps  betveen  the  piles  is  no  less  than  8  m  and  there  can  be 
up  to  60  “t  of  product  in  each  pile. 

It  is  forbidden  to  store  and  ship  ammonium  nitrate  in  combina¬ 
tion  with  other  chemical  products.  It  is  forbidden  to  smoke  in  . 
nitrate  warehouses,  install  open  type  lighting  fittings,  work  with 
fire,  or  store  used  paper  bags. 

It  is  permitted  to  ship  ammonium  nitrate  in  paper  packages  by 
all  types  of  transportation.  Before  cars  and  ship  holds  are  filled 
with  nitrate  ,  they  should  be  cleaned  of  residues  of  previously 
shipped  products . 

Additives  Which  Improve  the  Physical  Properties  of  Ammonium  Nitrate 

The  methods  of  preparing  and  using  additives  that  can  be 
obtained  from  dolomite ,  apatite  and  phosphorite  dust  are  similar  to 
each  other.  The  original  raw  material  is  broken  down  by  45-56Z 
nitric  acid.  The  admixtures  that  are  insoluble  in  acid  are  separa¬ 
ted  from  the  obtained  solution  by  settling  out  or  with  the  help  of 
filter  presses,  and  the  filtrate  (often  it  is  called  the  extract)  is 
added  to  solutions  of  ammonium  nitrate  that  are  sent  for  evaporation, 
or  are  added  to  nitric  acid  that  is  entering  the  neutralizer. 

The  sludge  that  is  accumulated  during  the  settlement  of 
insoluble  admixtures  is  washed  with  water  and  dumped. 

« 

During  the  production  of  nitric  acid  extracts,  nitric  oxides, 
carbon  dioxide ,  water  vapors ,  nitric  acid  are  always  isolated ,  and 
in  the  case  of  breakdown  of  phosphorus-containing  raw  material,  a 
small  quantity  of  hydrogen  fluoride.  The  formed  gases  and  vapors 
are  removed  into  the  atmosphere  through  the  exhaust  pipes  for  the 
production  of  weak  nitric  acid. 


The  preparation  of  DLM  additives  (products  of  nitric  acid 
breakdown  of  dolomite)  is  based  on  the  following  basic  reaction: 


C*CO»  •  MgCOj  +■  4HNO|=C»(NOj)i + MflXOs), + 2H,0  +  2COs 


(11-10) 


The  production  of  RAP  additives  (products  of  nitric  acid 
breakdown  of  apatite)  can  be  described  by  the  reaction: 

U*»a,0«)»F+  10HNO»-5C*(NO,),+3H»PO4+  HK  (11-11) 


During  acid  breakdown  of  dolomite  and  phosphates ,  heat  is 
released.  As  a  result,  the  temperature  of  the  solutions  in  the 
reactors  is  increased  to  40-50°C.  This  temperature  is  sufficient  for 
conducting  the  process  with  the  required  velocity  and  completeness, 
and  to  release  gaseous  products  of  the  reactions  from  the  solutions. 


Figure  11-30.  Plan  for  a  Continuous-Operation 
Unit  to  Produce  DLM  Additive 

Key: 

1.  Pressure  tank  for  nitric  acid 

2.  Reactors 

3.  Lift  truck 

4.  Bin 

5 .  Scoop 

6 .  Winch 

7.  Hoist 

8.  Distribution  bin 

9 .  Trap 

10.  Fan 

11.  Tank  (mixer)  for  solutions  of  nitrates  of 
calcium  and  magnesium 

12.  Pump 

13.  Filter  press 

14.  Collector  of  additive  solution 

15.  Nitric  acid 

16 .  Overflow 
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[continuation  of  key] 

17.  Exhaust  gases 

18.  Dolomite 

19.  Sludge 

20.  Gaseous  ammonia 

21.  To  neutralization  section 

Additives  .are  also  produced  which  give  the  ammonium  nitrate 
water-resistance  (p. 245)  . 

Figure  11-30  presents  one  of  the  plans  for  producing  DLM  addi¬ 
tive  . 

Nitric  acid  is  poured  from  pressure  tank  1  into  reactor  2 
(diameter  1.9  m,  height  4.3  m)  to  half  of  its  volume.  The  dolomite 
is  transported  from  the  warehouse  by  lift  truck  3 ,  poured  into  bin 
4  ,  then  into  scoop  5  of  hoist  7 ,  and  with  the  help  of  winch  6  is 
fed  to  the  distribution  bin  8. 

From  here,  1.5  V  of  dolomite  are  loaded  into  the  reactor.  It 
is  further  fed  in  individual  portions  of  300-400  kg  each.  At  the 
same  time,  nitric  acid  continually  enters  reactor  2  with  the  dolomite. 
The  acid  travels  on  a  pipe  that  is  lowered  to  the  bottom  of  the  unit. 
This  makes  it  possible  to  create  the  best  contact  of  the  solid  and 
liquid  phases.  When  the  reactor  is  equipped  with  a  circulation  pump , 
a  surplus  of  nitric  acid  of  roughly  100  g/^  is  maintained  in  the 
reaction  mixture  (solution).  When  there  is  no  forced  circulation  of 
the  solution,  the  surplus  HNO^  is  only  several  grams  in  1  (. 

The  gases  and  vapors  that  are  removed  from  the  reactor  contain 
up  to  0.05  vol.Z  of  nitric  oxides. 

The  acid  solutions  of  nitrates  of  calcium  and  magnesium  that  are 
formed  in  the  reactors  are  neutralized  in  tank  11  (diameter  2.2  m, 
height  2.1  m)  by  gaseous  ammonia  to  a  content  in  the  solution  of 
0.2-0. 3  g/t  NHj.  The  solution  is  further  filtered,  and  depending 
on  the  plan  for  production  of  ajmttonium  nitrate ,  it  is  sent  to  the 
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final  neutralizer  of  the  ITN  unit,  or  the  collector  of  partially 
.evaporated  NH^NO^  solutions.  The  reactor  is  cleaned  of  sludge  once 
every  3  months.  In  this  case  about  3  %  of  sludge  are  unloaded  by 
hand. 


When  the  DLM  additive  is  obtained  by  the  described  plan,  the 
losses  of  nitrogen  (in  the  form  of  nitric  oxides,  HNO^  vapors  and 
liquid  nitric  acid)  for  1  IT  of  ammonium  nitrate  are  0.35-0.5  kg  in 
conversion  for  HNO^. 

Consumption  Coefficients 

The  consumption  of  ammonia  and  nitric  acid  to  produce  ammonium 
nitrate  is  determined  by  their  stoichiometric  ratio  and  the  losses 
in  the  process  of  product  production. 

Table  11-16  presents  the  standards  for  consumption  of  raw 
material  and  power  for  1  t  of  ammonium  nitrate  without  additives 
and  with  DLM  and  RAP  additives  depending  on  their  content  in  the 
finished  product,  as  well  as  on  the  conditions  of  salt  cooling. 

The  calculation  of  the  consumption  standards  adopted  the 
following  sample  (conventional)  composition  of  dry  product  with  DLM 
and  RAP  additives  (in  weight  %) : 


Components 

With  DLM  additive 

With  RAP 

flddl  Mxri» 

NH.NO. 

98.1 

97.5 

CaTNOp, 

0.957 

1.035 

Mg(NOp‘ 

0.8 

- 

CaHPOf  * 

- 

1.315 

CaSiFft 

• 

0.0845 

R(N03?3 

0.163 

0.065 

N  (total  content) ,  kg IX 

346.73 

343.12 

After  complete  mastery  of  the  ammonium  nitrate  production 
process  which  satisfies  all  the  GOST  2-65  requirements  ,  the  standard 
of  consumption  of  raw  materials,  auxiliary  materials,  steam,  water, 
electricity  and  air  is  stipulated. 
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TABLE  11-16.  SAMPLE  CONSUMPTION  STANDARDS  OF  RAW 
MATERIAL  AND  POWER  FOR  1  T  OF  AMMONIUM  NITRATE 


CTdTbB  pftCXOOB 


&>  Annas*.  fit  .  .  . 
1 '(AaoTHan  KiexoTa 
'  (100%  HNO*),  n 

fiOjioaoMirr,  ki  .  .  . 
Ii'Amtht  (394% 
PiOs),  n$  .  .  . 
UjBoatt  o6oporaa», 

.  »» . 

[\i  ‘flap,  hjih.  kk<ia 
|a^3nai«Tpo»nepniH, 
mm  ■  t 

i.c\6ta  oxaawxa- 

’  DM  COJIB  B 

KBnimwM 

•  CJIO.  .  .  .  . 
v!*'c  oJtaawaeniieM 
COJIB  B  KB- 

niumm  caoa 


H»  t  IK 

toovaot 

NH.NO. 

W  1 

Ha  1  m 
npo> 
nrm 
a  ta.7% 

NH.NO. 

Ha  t  m 
Ntt.NO.* 

- FTi 

Hi  Pm  | 
npo-  | 
jryitTi  I 
yoaoi- 
loro 
ooenai 

Ha  1  m 

100%-HO* 

NH.NO. 

3) 

Ha  1  m 
npo- 

ilk 

Hlvt« 

npo- 

xr*n 

JOJO»> 

«oro 

coemm 

(5) 

Baa  aoCbbok 

C  Aoci^xofti 
flJIM 

(?) 

C  AOtiaBKoft 

p  An 

0.2155 

0.2127 

0.211 

6.2143 

0.2116 

0.20101 

0  794 

0.784 

0.793 

10.9 

0.7956 

0.7855 

0780 

— 

— 

— 

187 

18.48 

18.2 

30 

0.3 

29.6 

0.296 

30 

oa 

29.7 

0.297 

30 

03 

29.6 

0.296 

294 

0.294 

15 

15 

15 

14.85 

15 

144 

14.7 

21 

21 

21 

207 

21 

206 

205 

Key: 

1.  Articles  of  consumption 

2.  Per  1  tof  100Z  NH.NO, 

3.  Per  1C  of  product  witn  98. 7Z  NH^NO^ 

4.  Per  1  t  of  production  of  conventional  composition 

5.  Without  additives 

6.  With  DLM  additive 

7.  With  RAP  additive 

8 .  Ammonia ,  X 

9.  Nitric  acid  (100%  HNO,),  V 

10.  Dolomite,  kg  J 

11.  Apatite  (39. 4Z  Po05),,  kg 

12.  Circulating  watef ,  m3 

13.  Steam,  million  kcal 

14.  Electricity,  kw  x  h 

15.  Without  cooling  of  salt  in  fluidized  bed 

16.  With  cooling  of  salt  in  fluidized  bed 


Wastes  of  production  of  ammonium  nitrate  per  1  % of  finished 
product  are  up  to  0.6  T  of  condensate  of  liquor  steam  and  about  0.4 
%  of  steam  condensate.  The  output  of  nitrogen  contained  in  ammonium 
nitrate,  in  relation  to  nitrogen  entering  for  neutralization  in  the 
form  of  ammonia  and  nitric  acid  is  about  99%. 


Water-Resistant  Ammonium  Nitrate 

Water-resistant  ammonium  nitrate  is  produced  by  applying  a 
hydrophobic  film  on  the  granules  or  small  salt  crystals.  This  film 
is  formed  on  the  surface  of  the  particles  of  ammonium  nitrate  from 
ferric  sulfate  and  from  a  mixture  of  synthetic  fatty  acids  and 
paraffin. 

When  an  aqueous  solution  of  Fe0(SO^>2  is  added  to  a  melt  of 
ammonium  nitrate ,  during  crystallization  of  salt  a  so-called  ferrugi¬ 
nous  nitrate  is  obtained.  The  'solution  of  iron  sulfate  is  added  to 
the  melt  in  a  quantity  so  that  the  content  of  Fe2(SO^>2  in  the 
finished  product  is  0.06-0.07%  (in  conversion  for  iron).  After 
treating  the  ferruginous  ammonium  nitrate  with  a  mixture  of  fatty 
acids  and  paraffin,  a  thin  layer  of  "metal  soap"  (iron  salts  of 
fatty  acids)  is  formed  on  the  surface  of  the  salt  particles.  The 
required  quantity  of  mixture  of  fatty  acids  and  paraffin  is  0.35-0.40% 
of  the  weight  of  the  nitrate. 

One  of  the  versions  of  the  process  for  obtaining  water-resistant 
ammonium  nitrate  is  the  following.  The  melt  of  ammonium  nitrate  with 
concentration  of  98.2-98.5  NH^NO^  enters  from  the  separators  through 
the  hydraulic  gate  and. the  trough  into  the  buffer  tank  that 
is  separated  into  two  parts  by  a  partition  that  does  not  reach  the 
bottom.  Gaseous  ammonia  is  fed  into  one  part  of  the  tank  to 
neutralize  the  acidity  of  the  melt.  A  solution  of  iron  sulfate  is 
peured  into  the  other  part  from  the  pressure  tank.  The  "ferruginous" 
and  neutralized  melt  are  sent  from  the  buffer  tank  to  granulation  in 
the  tower  (the  granulator  is  turned  at  a  rate  of  450  rpm) .  The 
granules  formed  in  the  granulation  tower  are  transferred  by  conveyer 
to  a  rotating  drum-mixer.  A  previously  prepared  mixture  of  fatty 
acids  with  paraffin  is  simultaneously  sent  by  gravity  flow  from  the 
tank.  The  granules  are  coated  with  this  mixture,  and  a  film  of  iron 
salts  of  fatty  acids  is  formed  on  their  surface. 

For  more  uniform  coating  of  the  granules  with  the  hydrophobic 
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film,  the  mixture  of  fatty  acids  and  paraffin  is  separated  into 
fine  streams  by  a  rack  installed  above  the  stream  of  granules.  The 
product  is  sent  from  the  drum  on  a  conveyer  to  the  packing  section. 

Domestic  and  foreign  industry  also  uses  other  methods  of  giving 
ammonium  nitrate  water  resistance,  but  the  basic  fundamentals  of 
the  method  for  applying  the  hydrophobic  film  on  the  p articles  of 
salt  are  similar  to  those  described  above. 

Practice  has  shown  that  fine-crystalline  ammonium  nitrate  is 
best  suited  for  production  of  a  film  of  iron  salts  of  fatty  acids  on 
the  surface  of  its  particles ,  since  these  salts  link  more  strongly 
to  the  fine  nitrate  crystals. 

Granulated  water-resistant  ammonium  nitrate  must  not  contain 
visible  foreign  inclusions  or  pieces  of  noncrystallizedi  melt .  The 
color  of  the  product  must  be  from  yellow  to  light  chestnut. 

The  basic  requirements  for  the  granulated  water-resistant 
ammonium  nitrate  (MRTU-6-03-162-64)  are  presented  below: 


Water  resistance  (according  to  hydrodynamic 

method)  ,  mm  wat.  col.  ,  no  less  20 

Moisture  content  (after  drying  of  2  g  at  100°C)  , 

Z  ,  no  more  1 . 4 

NH.NOo  content  (in  conversion  for  dry  substance)  , 

Z ,  noJless  98 

Content  of  mixture  of  fatty  acids  with  paraffin.Z  0.3-0. 4 

Content  of  iron  (Fe)  ,Z  0.06-0.09 

Acidity  of  aqueous  solution  of  nitrate, Z,  no  more  0.09 

Content  of  substances  that  are  insoluble  after 
calcination  in  HC1 ,  Z,  no  more  0.09 


Of  the  ammonium  nitrate-based  fertilizers ,  one  should  note 
lime-ammonium  nitrate  (melt  of  ammonium  nitrate  with  limestone) 
which  has  become  fairly  popular  in  certain  countries  of  West  Europe. 
The  manufacture  of  this  fertilizer  in  the  capitalist  countries  is 
roughly  1.5  million  T  per  year  (in  conversion  for  nitrogen). 


Improvement  In  the  Production  of  Ammonium  Nitrate 

The  specific  consumption  of  steam,  water,  and  electricity  in 
the  production  of  ammonium  nitrate  is  comparatively  low.  However, 
with  the  current  scales  of  ammonium  nitrate  production  and  the 
planned  increase  in  its  volume,  even  a  small  reduction  in  the  specific 
energy  outlays  has  very  great  economic  significance. 

In  addition,  with  the  extant  methods  of  ammonium  nitrate  pro¬ 
duction,  large  heat- exchange  surfaces  are  required  for  evaporation 
of  its  solutions  and  a  significant  quantity  of  auxiliary  equipment 
(collectors,  tanks,  pumps,  etc.).  This  significantly  increases  the 
capital  investments  for  the  construction  of  new  industries. 

Increase  in  the  output  of  the  ammonium  nitrate  shops  results  in 
a  decrease  in  the  specific  capital  expenditures,^  but  they  are  still 
high  since  weak  solutions  of  NH^NO^  have  to  be  reprocessed.  Conse¬ 
quently,  intensive  development  is  underway  of  methods  to  produce 
ammonium  nitrate  using  58-62Z  nitric  acid,  with  conducting  the  stage 
of  neutralization  at  high  temperatures,  etc.  Realization  of  these 
methods  makes  it  possible  to  partially  or  completely  exclude  the 
process  of  concentration  of  ammonium  nitrate  solutions  in  the  evapora¬ 
tors  and  improve  the  quality  of  the  finished  product. 

So-called  evaporation-free  methods  of  ammonium  nitrate  produc¬ 
tion^®’^  have  been  developed  by  now,  as  well  as  a  method  of  continual 
vacuum-crystallization  of  solutions^  that  was  used  for  the  first 
time  to  produce  ammonium-nitrate.  Individual  units  abroad  have 
used  the  evaporation- free  method  of  L.  Shtengel'  ,  that  was  later 
perfected  by  him  jointly  with  D.  Dorsi. 

The  essence  of  this  method  is  reduced to  the  following.  Gaseous 
ammonia  and  58-60Z  nitric  acid  are  preheated  to  160-165°C  by  steam, 
and  are  fed  in  a  stoichiometric  ratio  to  the  reactor-neutralizer  which 
operates  at  gage  pressure  of  3.5  atm.  Because  of  the  physical  heat 
of  the  preheated  original  components  ,  and  the  heat  that  is  released 
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during  neutralization ,  the  temperature  in  the  reactor  reaches 
205-238°C.  In  this  case,  almost  all  the  water  that  enters  with  the 
nitric  acid  is  evaporated,  and  a  steam-liquid  emulsion  is  formed 
that  consists  of  a  melt  of  ammonium  nitrate,  liquor  vapors  and  a 
slight  amount  (traces)  of  ammonia.  This  emulsion  is  further  separa¬ 
ted  in  the  separator  of  the  centrifugal  type. 

For  1  T  of  ammonium  nitrate  (counting  onl00%  NH^NO^)  obtained 

according  to  this  plan,  218  kg  of  ammonia,  806  kg  of  nitric  acid 

(100%  HNO^,)  ,  21  kW  x  h  of  electricity,  305  kg  of  steam  (9  atm.)  and 
3 

8.4  m  of  coding  water  are  consumed. 

The  safety  of  the  process  using  the  described  method  is 
guaranteed  because  of  the  short  time  that  the  formed  melt  stays  in 
the  reactor-neutralizer ,  and  the  small  quantity  of  reaction  mass 
that  is  present  at  one  time  in  the  neutralization  unit ,  as  well  as 
because  of  the  automatic  regulation  of  the  regime. 

The  production  of  ammonium  nitrate  with  the  use  of  a  vacuum- 
crystallizer  is  done  in  the  United  States.  According  to  this  method, 
the  solutions  of  ammonium  nitrate  are  obtained  at  atmospheric  pressure 
in  two  stages:  initially  in  a  neutralizer  to  pH  of  the  solution  6.7, 
then  in  a  buffer  tank  to  pH  of  6.4»  Evaporation  of  the  solutions 
to  a  concentration  of  79%  NH^NC^  is  done  in  units  with  forced  circu¬ 
lation  that  is  created  by  a  pump.  The  evaporated  solutions  are  sent 
to  a  vacuum- crystallizer  that  also  operates  with  forced  circulation 
of  the  liquid.  Crystallization  occurs  at  a  temperature  of  40°C.  It 
is  automatically  regulated  by  the  appropriate  supply  of  water  to  the 
barometric  condenser.  The  suspension  of  ammonium  nitrate  crystals 
in  a  liquor  solution  that  is  formed  in  the  vacuum- crystallizer  is 
separated  on  centrifuges. 

The  crystals  are  further  dried  by  hot  air  in  a  drum  to  moisture 
content  of  0.05%  and  are  mixed  with  4%  aluminum  oxide  to  improve  the 
physical  properties  of  the  finished  product. 
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Roughly  two  times  less  steam  is  consumed  for  the  production 
of  ammonium  nitrate  according  to  this  method  with  the  use  of 
vacuum-crystallization  than  in  other  methods  of  production.  This 
method  is  used  on  small  units. 

The  general  trend  towards  increase  in  the  unit  output  of  units 
that  is  characteristic  for  modem  chemical  industry  and  other  rapidly 
de\reloping  areas  of  technology  has  been  reflected  in  the  production 
of  nitrogen  fertilizers  as  well.  Thus,  for  the  production  of  ammonium 
niitrate ,  the  group  of  colleagues  from  GIAP  developed  a  unit  with 
daily  output  of  1400-1500  T  of  product  whose  quality  completely 
satsifies  the  standards  of  GOST  2-65. 

The  process  of  neutralization  in  this  unit  is  done  in  an 
apparatus  of  new  design  at  atmospheric  pressure  with  the  use  of  58- 
60%  nitric  acid.  In  this  case,  90-93%  solution  of  ammonium  nitrate 
is  formed  which  is  evaporated  in  a  film  evaporator  (with  "falling" 
film)  to  the  state  of  a  melt  which  contains  99.5-99.7%  NH^NO-j.  The 
nitrate  of  this  melt  is  granulated  in  a  tower  with  subsequent  two- 
stage  cooling  of  granules  in  the  fluidized  bed.  The  cooled  granules 
after  screening  into  fractions  are  dusted  with  a  talc-magnesia  mixture 
and  are  sent  for  packing.  Trapping  of  salt  dust  from  spent  air 
is  provided  for  in  the  large  output  unit. 

In  order  to  improve  thenhysical  properties  of  ammonium  nitrate, 
a  number  of  methods  have  been  suggested.  Some  of  them  have  become 
widespread,  and  others  are  more  limited  in  use.  These  methods  can  be 
arbitrarily  divided  into  the  following  groups:* 

1)  granulation  of  ammonium  nitrate  from  a  highly-concentrated  melt; 

2)  introduction  into  the  ammonium  nitrate  of  additives  of  water- 
soluble  inorganic  salts; 

3)  treatment  of  particles  of  ammonium  nitrate  with  incombustible 
hydrophobic  substances; 

4)  dusting  of  the  granules  with  substances  insoluble  in  water. 

- 

The  previously  mentioned  procedures  for  improving  the  prooerties 
of  the  product  oy  cooling  it ,  tne  use  of  granulation  devices  of 
new  designs,  etc.  are  not  examined  here. 
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It  has  been  recognized  both  in  the  USSR  and  abroad  that 
with  separate  use  of  the  listed  methods ,  it  is  not  possible  to 
manufacture  ammonium  nitrate  that  maintains  100%  friability  for 
many  months.  Consequently,  a  combined  plan  was  developed  for  pro¬ 
duction  of  noncaking  ammonium  nitrate.  According  to  this  plan 
which  by  now  has  been  realized  at  the  active  enterprises ,  crystal¬ 
lization  of  salt  from  a  highly  concentrated  melt  (99.6-99. 7%  NH^NO^)  , 
cooling  of  granules  in  the  fluidized  bed,  their  screening  with 
selection  of  fractions  of  particles  with  sizes  2-3  mm,  dusting  of 
the  granules  with  substances  that  are  insoluble  in  water  are  stipula¬ 
ted. 

In  order  to  produce  a  highly  concentrated  melt  of  ammonium 
nitrate,  it  is  necessary  to  evaporate  its  solutions  at  175°C,  but 
since  partial  thermal  breakdown  of  ammonium  nitrate  is  possible 
at  this  temper  ture ,  the  evaporation  is  done  in  two  stages.  Initially 
the  solutions  are  evaporated  in  standard  evaporators  until  a  melt  is 
obtained  which  contains  93-98.5%  NH^NO^.  Then  this  melt  is  addi¬ 
tionally  evaporated  in  evaporators  of  special  design  by  preheated 
air  at  175-180°C  in  the  presence  of  a  small  quantity  of  ammonia 
that  prevents  thermal  breakdown  of  the  ammonium  nitrate. 

Crystallization  of  the  melt  stipulates  the  use  of  static 
granulators  instead  of  centrifugal ,  and  cooling  of  the  granules 
uses  a  two-stage  fluidized  bed. 

When  a  99.6-99.7%  melt  is  crystallized  in  the  granulation 
towers,  granules  are  formed  with  glassy  surface  that  determines  their 
high  mechanical  strength. 

In  order  to  obtain  a  product  of  uniform  granulometric  compo¬ 
sition  that  does  not  contain  dust-like  or  large  particles,  the 
cooled  granules  are  sent  to  the  vibration  sieves.  Here  the  commer¬ 
cial-grade  particle  fractions  of  size  2-3  mm  are  removed.  Particles 
of  smaller  and  larger  dimensions  are  returned  to  the  production 
cycle  (they  are  added  to  the  solutions  of  ammonium  nitrate  that  are 
sent  for  evaporation) . 
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Granules  of  dimension  2-3  mm  enter  the  rotating  drum  to  which 
the  dusting  additive  is  added  (2-3%  kieselguhr  or  talc -magnesium 
mixture  from  the  quantity  of  nitrate) .The  finished  product  is  further 
packed  into  paper  bituminized  bags  or  bags  made  of  polyethylene  film. 

2.  Calcium  Nitrate 

Physical-Chemical  Properties  of  Calcium  Nitrate^ 


Calcium  nitrate,  Ca(N03>2  is  a  white  crystalline  salt.  A 
grayish  hue  is  permissible  for  the  technical-grade  product.  Calcium 
nitrate  can  be  crystallized  in  the  form  of  hydrates:  Ca(N03>2  x  2H20; 
Ca(N03)2  x  3H20;  Ca(N03)2  x  4^0 . 

Certain  physical-chemical  constants  of  the  anhydrous  salt  and 
hydrates  are  presented  in  table  11-17. 


TABLE  11-17 .  PROPERTIES  OF 
CALCIUM  NITRATE 
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TABLE  11-18.  HYGROSCOPICITY  OF 
Ca(N03>2  x  4H20 
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Key 

• 

1 .  Temperature  ,  °C 

2.  Pressure  of  steam  above 
saturated  solution ,  mm  Hg 

3.  Equilibrium  humidity  of 
air  above  saturated 
solution ,% 


When  heated  above  561, °C,  anhydrous  salt  Ca(N03)2  is  broken 
down  with  the  release  of  oxygen  and  the  formation  of  calcium  nitrate, 
which  is  further  broken  down  into  CaO  and  N02: 

C*(NOi)i  — •  V«0i+C*0+2N0»  MI.,2) 
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Tetrahydrate  Ca(N03)2  x  4H20  melts  at  42.7°C,  forming  a 
solution  that  boils  at  150°C  with  the  formation  of  dihydrate  Ca(NO.j)2 
x  2H20.  It  is  completely  dehydrated  at  172°C. 

Calcium  nitrate  has  high  hygroscopicity . 2  Figure  11-31 
presents  the  curves  that  characterize  the  pressure  of  water  vapors 
above  the  saturated  solutions  of  certain  salts.  It  is  apparent  from 
the  figure  that  calcium  nitrate  is  even  more  hygroscopic  than 
ammonium  nitrate.  (p.  R127). 


TABLE  11-19.  SOLUBILITY  OF  CALCIUM  NITRATE  IN  WATER50 
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Ca(NOs)i-4HtO 

.42.6 
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77.0 
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Ca(NO«h-3H«0 
Ca(NOj)j  ■  2H,0 
C«(NOa)a 

y'l.  Temperature  ,°C 

2.  Solubility,  weight. Z 

3.  Solid  phase 

4 .  Ice 

* 

Melting  point 

** 

Boiling  point  of  solution 


TABLE  11=20.  DENSITY  OF  AQUEOUS  SOLUTIONS5  OF  Ca(N0,)o 
(in  g/cmJ)  *■ 


Hi— mil 

mam. 

%• 

* 

«C 

S# 

80 

70 

80 

90 

too' 

118 

40 

1,3600 

1,3478 

1,3365 

1,3255 

1,3175 

1,3090 

1,2980 

46 

1,4175 

1,4055 

1,3950 

1,3850 

1,375 

1,3655 

1,3560 

50 

1,4750 

1,4630 

1,4535 

1,4440 

1,4340 

1,4250 

1,4150 

55 

1,5325 

1,5220 

1,5125 

1,5025 

1,4925 

1,4830 

1,4730 

60 

1,5900 

1,5800 

1,5825 

1,5610 

1,5515 

1,5425 

1,5320 

65 

1,6490 

1,6390 

1,6300 

1,6202 

1,6100 

1,8015 

1,5920 • 

70 

1,7070 

1,6975 

1,6885 

1,6805 

1,6705 

1,6608 

1,6510 

75 

1,7650 

1,7570 

1,7475 

1,7403 

1,7309 

1,7200 

1,7103 

80 

14245 

1.8155 

1,8075 

1,8000 

1,7910 

1,7810 

1,7708 

86 

1,8840 

1,8750 

1,8675 

1,8600 

1,8515 

1,8415 

1,8325 

Key'l.  Concentration  of  Ca(NO^)0,  weight. Z 
2.  Temperature ,°C  J  * 
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Because  the  solutions  of  calcium  nitrate  do  not  freeze  at 
low  temperatures,  they  are  used  as  cooling  liquids.  The  characteris¬ 
tics  of  aqueous  solutions  of  Ca(N03)2  are  presented  in  table  11-20- 
11-26  and  in  fig.  II-32-II-34. 

t 


TABLE  11-21.  ,DENSITY  OF  AQUEOUS  SOLUTIONS  OF  Ca(NO^), 
WITH  ADDITION"5  OF  57.  NH4NC>3*  J 


w~ 

Komanpami 

Ca(NO,)t 
»•«.  •/. 

'  Tmn«piT7P«,  *c 

90 

60 

70  ' 

90 

90 

too 

110 

120 

110 

50 

1,5420 

1,4950 

1,4860 

1,4785 

1,4680 

1,4585 

1,4522 

1,4445 

1,4380 

55 

1,5660 

1,5570 

1,5480 

1,5410 

1,5305 

1,5200 

1,5120 

1,5080 

1,5005 

60 

1,6282 

1.6195 

1,8105 

1,6030 

1,5945 

1,5840 

1,5780 

1,5700 

1,5635 

65 

1,6905 

1,6820 

1,6730 

1,6660 

1,6570 

1,6480 

1,6410 

1,6340 

1.6260 

70 

1,7530 

1,7440 

1,7360 

1,7290 

1,7200 

1,7105 

1,7040 

1,6965 

1,6900 

75 

1,8140 

1.8060 

1,7990 

1,7920 

1,7840 

1,7745 

1,7670 

1,7600 

1,7520 

79 

1,8660 

1,8580 

1,8500 

1,8420 

1,8340 

1.8260 

1,8180 

1,8110 

1  8025 

Key: 

1.  Concentration  of  Ca(N03)2,  weight. % 

2.  Temperature ,°C 

* 

In  relation  to  content  of  Ca(N03)2  in  solution. 

TABLE  11-22.  VAPOR  PRESSURE5  ABOVE  AQUEOUS  SOLUTIONS 
OF  Ca(N03)2' (in  mm  Hg) 


- W~ 

KoimeHTpamM 

Cat.NO.), 

Bee.  % 

~1T> 

TewiepaTypa.  °C 

70 

80 

90 

100 

MO 

120 

130 

140 

50 

135 

220 

330 

485 
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55 

120 

185 

280 

420 
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60 
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240 
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90 

120 
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460 

640 

— 

— 

70 

— 

80 

140 

235 

375 

520  ! 

720 

— 

75 

— 

90 

175 

285 

390 

525 

740 

Key. 

1.  Ca(N03)2  concentration,  weight. X 

2.  Temperature  ,°C 


Methods  of  Calcium  Nitrate  Production 


2,3 


The  following  methods  are  known  for  calcium  nitrate  production: 


253 


TABLE  11-23.  BOILING  POINT  OF  AQUEOUS, SOLUTIONS  OF 
Ca(N03)9  (in  °C)  AT  DIFFERENT  PRESSURE3 


v  Kn»iwm»n—  c*(t;o,)h  % 

so,a  a 

40 

it,  80 

to 

70 

SO 

1 .  Temperature  ,  °C 

2.  Concentration  of  CaCNO^^.X 


1)  direct  interaction  of  chalk  or  limestone  with  nitric  acid; 


2)  absorption  of  nitrous  gases  by  milk  of  lime  with  subsequent  inver 
sion  of  obtained  solutions  by  nitric  acid; 


3)  nitric  acid  breakdown  of  phosphates.  In  .this  method,  the  main 
products  produced  are  such  fertilizers  as  dicalcium  phosphate. 


Figure  11-31.  Pressure  of 
Water  Vapors  above  Satura¬ 
ted  Solutions  of  Pure 
Substances 

Key: 

1.  Pressure  of  water 
vapors  ,  mm  Hg 

2 .  Temperature  ,  °C 

nitrophos  or  nitrophoska;  cal¬ 
cium  nitrate  is  a  by-product. 

A)  interaction  of  cal¬ 
cium  oxide  with  nitrogen  pero¬ 
xide  at  300-400°C,  the  so- 
called  dry  method  which  has 
limited  application. 

Production, gf  Calcium  Nitrate. 
from  Limestone  and  Nitric  Acid 

The  plan  for  produc¬ 
tion  of  calcium  nitrate  by 
this  method  is  shown  in  fig. 
11-35. 
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3. 
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Figure  11-32.  Curves  of  Calcium 
Nitrate  Solubility  in  Water 

Key: 

Temperature  ,°C 
ConcentrationCa(N03>2  ,% 

Ice  .  J 

Eutectic  point  (-28“C)  cor¬ 
responds  to  concentration  of 
43.9%  CaCNOOo  in  solution 
Solubility  Curve  of  stable 
a-form  of  Ca(NOo)2  x  4H20 
Melting  point  or  tetrahydrate 
(42. 7°C) 

Solubility  curve  of  meta¬ 
stable  B-form  Ca(N0,)o  x 
4H20  J  Z 

Solubility  curve  of  Ca(N0,)9 
x  3H20  j  z 

Melting  point  of  trihydrate 
(51 . 1°C) 

Solubility  curve  of  meta¬ 
stable  dinydrate  Ca(N0.,)9  x 
2H20  '  J 

Solubility  curve  of  anhydrous 
salt  Ca(N0~)2,  solubility 
almost  does  not  increase  with 
rise  in  temperature 
Boiling  point  of  saturated 
solution  (151 °C)  containing 
-79%  Ca(NO-i) o 


CDE. 

D. 

EF. 


FG. 


(4)  Ttmxptmypa,  V 

Figure  11-33.  Boiling  Point  of  Aqueous  Solu 
tions  of  Ca(N02>2  at  Pressure  200-760  mm  Hg 

Key: 

1 .  Concentration 

2.  Temperature , °C 

3.  m  Hg 


WKwsmwm 


TtMncpamypa ,  T  p) 


Figure  11-34.  Boiling  Point  of  Aqueous 
50-75%  Solutions  of  CaCNO^^  and  Vapor 
Pressure  above  Solutions 


1.  Pressure,  mm  Hg 

2.  Temperature,  °C 


Nitric  acid  (40-48%)  flows  by  gravity  flow  from  a  pressure 
tank  into  reaction  tower  3  that  is  filled  with  limestone  (pieces 
100-150  mm  in  size).  The  limestone  (CaCO^  content  94-97%)  is  loaded 
into  the  tower  with  the  help  of  a  charging  ladle  hoist.  The  lower 
part  of  the  tower  has  a  grating  on  which  the  limestone  rests. 


The  carbon  dioxide  that  is  released  in  the  tower  is  sucked  out 
by  fan  1.  The  spray  trapped  by  the  gas  is  held  in  spray- trap  2  and 
drains  into  settling  tanks  5  and  6.  A  vacuum  in  limits  of  15-25 


TABLE  11-25.  VISCOSITY  OF  AOUEOUS  SOLUTIONS 
OF  Ca(N03)2  WITH  ADDITION  OF  51  NH4H03* 
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Key: 

1 .  Temperature  ,  °C 

2.  Concentration  of  Ca(NO„)2,% 

*In  relation  to  the  content  of  Ca(NOo)2 
in  solution. 


TABLE  11-26.  SPECIFIC  HEAT  CAPACITY  OF 
AQUEOUS  SOLUTIONS4*  OF  Ca(N03)2  AT  21-51  °C 


Key: 

1.  Ca(N03>2  concentration^ 

2.  Heat  capacity,  cal/(g  x  deg) 


mm  wat.  col. is  maintained  in  the  tower.  The  acid  solution  of  calcium 
nitrate  that  flows  from  the  tower  remains  in  vessels  5  and  6  where 
particles  of  sand  and  other  insoluble  admixtures  are  precipitated. 
Part  of  the  solution  is  again  fed  for  sprinkling  the  reaction  tower 
through  tank  4 ,  while  the  remaining  solution  is  removed  for  final 
neutralization  in  apparatus  8.  Ammonia  or  slaked  lime  is  used  for 
final  neutralization.  When  ammonia  in  calcium  nitrate  is  added 'to 
the  solution,  admixtures  of  ammonium  nitrate  are  formed.  Crystalli¬ 
zation  of  Ca(N03>2  from  the  melt  is  facilitated  in  their  presence. 

The  towers,  final  neutralizer,  settling  tanks  and  pumps  are  made  of 
stainless  steel  brand  Khl8N9T.  The  neutralization  solutions  of 
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Figure  11-35.  Plan  for  Production  of  Calcium  Nitrate 
from  Limestone  and  Nitric  Acid 


Key: 

1 .  Fan 

2.  Spray  trap 

3.  Reaction  tower 

4.  Pressure  tank  for  acid  solution  of  calcium  nitrate 
5,6.  Settling  tank  of  acid  solution  of  calcium  nitrate 

7 .  Centrifugal  pumps 

8.  Final  neutralizer 


9. 

Filter  press 

10. 

Collector  of  filtered 

solution 

11. 

Pressure  tank 

12. 

Evaporator 

13. 

Trap 

14. 

Barometric  condenser 

15. 

Collector  of  melt  of 

calcium  nitrate 

16. 

Barometric  container 

17. 

Cooling  rollers 

21. 

To  vacuum  pump 

18. 

Limestone 

22. 

Water 

19. 

Steam 

23. 

Calcium  nitrate 

20. 

Condensate 

calcium  nitrate  are  usually  very  contaminated  with  the  admixtures 
contained  in  the  limestone.  It  is  very  difficult  to  separate  them. 
Filter  presses  are  usually  used  to  filter  the  formed  viscous  solu¬ 
tions  of  Ca(N02>2»  although  their  output  is  low. 

The  solution  that  is  filtered  on  filter  press  9  enters  col¬ 
lector  10  and  is  further  fed  for  evaporation.  The  solution  that 
arrives  for  evaporation  contains  49Z  CatNO^.^  and  3Z  NH^NOj.  In 
evaporator  12 ,  the  concentration  of  solution  is  increased  to  75-82Z 
Ca(N02>2»  The  melt  of  calcium  nitrate  that  is  obtained  in  this  case 
is  sent  for  crystallization.  This  can  be  done  on  cooling  rollers  17 


ra(NOJ, 


»  » 


HNOj 


Figure  11-36.  Diagram  of  Equilibrium 
of  Ca(N03)2-HN03-H20  System  at  25°C 


or  in  the  granulation  tower. 


Figure  11-36  presents  the  equilibrium  diagram  in  the  Ca(N03)2" 
HN03~H20  system  at  25°C.  Points  S2  ,  S3  and  correspond  to  di- , 
tri-  and  tetrahydrate  Ca(NC>3)2.  The  areas  of  existence  of  these 
crystal  hydrates  are  in  limits  of  the  hatched  curvilinear  triangles: 
tetrahydrate  in  triangle  ,  trihydrate  in  triangle  ,  and 

dihydrate  in  triangle  S2MN.  These  regions  are  limited  by  curvg**^ 
N'M-jMN  of  crystal  hydrate  solubility  in  acid  solutions  and  by  the 
lines  for  conversion  of  the  forms  of  the  corresponding  crystal 
hydrates.  Below  and  to  the  left  of  the  solubility  line  there  is 
a  region  of  unsaturated  acid  solutions.  With  neutralization  by 
limestone  of  30%  (point  A)  or  48%  (point  A')  nitric  acid,  the  change 
in  solution  composition  as  neutralization  occurs  is  illustrated  by 
straight  lines  AB  and  A'B'.  They  do  not  intersect  the  saturation 
curve  N'MjMN.  Consequently,  a  solid  salt  can  only  be  obtained  after 
evaporation  of  the  neutralized  solution. 

We  assume  that  as  result  of  neutralizing  30%  acid  by  lime¬ 
stone  ,  we  obtain  a  slightly  acid  solution  whose  composition  is 
illustrated  by  point  Pg.  With  evaporation  of  this  solution,  the 
figurative  point  of  the  system  from  which  water  is  removed  will  be 
shifted  along  the  ray  PqP.  The  interval  P^P  of  this  ray  corresponds 
to  the  content  in  the  system  of  75-78%  Ca(K03>2.  If  the  solution 
composition  after  evaporation  is  depicted  by  point  P ,  then  when  it 
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is  cooled  to  25°C,  the  mixture  of  di-  and  trihydrate  is  crystallized. 
The  composition  of  this  mixture  is  depicted  by  point  S  ,  while  the 
composition  of  the  liquor  solution  is  illustrated  by  point  M. 

If  the  composition  of  the  evaporated  solution  corresponds  to 
point  P-^ ,  then  after  cooling  of  the  solution  to  25°C,  a  mixture  of 
crystals  of  tri-  and  tetrahydrate  is  obtained.  The  composition  of 
the  mixture  is  illustrated  by  point  S^.  The  composition  of  the 
liquor  solution  is  indicated  by  point  .  With  evaporation  of  the 
solution  to  a  composition  corresponding  to  point  P^,  crystals  of  the 
trihydrate  CaCNC^^  x  3Ho0  precipitate  out  after  cooling. 

The  USSR  does  not  produce  calcium  nitrate  used  as  a  fertilizer 
from  nitric  acid,  but  from  the  waste  nitrous  gases.  This  permits  a 
less  expensive  product  to  be  produced. 

Production  of  Calcium  Nitrate  by  the  Method  of  Alkaline  Absorption  of 
Nitrous  Gases 

When  nitrous  gases  are  washed  by  milk  of  lime ,  an  alkali  is 
formed  which  contains  calcium  nitrite  with  an  admixture  of  a  certain 
quantity  of  calcium  nitrate: 

Ca(0H)»+N0+N0»=C»(N0*)*+H,0  (11-13) 

2Ca(OH)»+  iN01iCa(N01)t+C«(N01)i4-  2HtO  (II-14) 

The  nitric  oxides  are  absorbed  by  milk  of  lime  (fig.  11-37) 
in  towers  sprinkled  by  circulating  solution  in  which  the  surplus 
alkalinity  is  maintained  to  30  g/i  by  adding  milk  of  lime  (100-130 
g/1)  or  dry  lime  to  it.  This  makes  it  possible  to  obtain:more  con¬ 
centrated  alkali.  The  temperature  of  the  alkali  that  arrives  for 
sprinkling  is  in  limits  of  30-359C.  No  less  than  92%  of  the  nitric 
oxides  are  recovered  from  the  exhaust  nitrous  gases  in  alkaline 
absorption. 


The  alkali  that  flows  out  of  the  absorption  towers  is  treated 


Figure  11-37.  Plan  for  Production  of  Calcium 
Nitrate  by  Method  of  Alkaline  Absorption  of 
Nitrous  Gases 


Key: 

1.  Absorption  tower 

2.  Collector  of  nitrite-nitrate  alkali 

3.  Centrifugal  pumps 

4 .  Inverter 

5.  Final  neutralizer 

6.  Filter  press 

7.  Pressure  tank  for  filtered  solution 

8.  Evaporators 

9.  Barometric  condenser 

10.  Collector  of  evaporated  solution  of  calcium  nitrate 

11.  Collector  of  melt  of  calcium  nitrate 
.  1-2.  Barometric  container 

13.  Cooling  rollers 

14.  Nitrous  gases 

15.  Solution 

16.  Gases  to  absorption 

17.  Steam 

18.  Air 

19.  Water 

20.  To  vacuum  pump 

21.  Calcium  nitrate 


with  nitric  acid  to  convert  (invert)  the  nitrite  into  nitrate: 

3C*IN0t)*+4HN0,=  2C*(N01)i+2H^>+4N0  (11-15) 


The  nitric  oxide  that  is  released  during  inversion  is  returned 
to  the  absorption  system  for  the  production  of  diluted  (weak)  nitric 
acid.  Inversion  is  done  in  unit  4  with  heating  by  live  steam  and 
intensive  mixing  of  the  solution  by  compressed  air. 
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A  surplus  of  nitric  acid  remains  in  the  inverted  solution.  It 
is  neutralized  by  ammonia  in  apparatus  5.  In  this  case,  a  certain 
quantity  of  ammonium  nitrate  is  formed.  Its  presence  has  a  favorable 
effect  on  the  process  of  subsequent  crystallization  of  the  calcium 
nitrate.  The  solution  is  further  filtered  on  filter  press  6,  heated 
to  60-70°C,  and  sent  for  evaporation  to  one-  or  multihousing 
evaporation  units.  Vertical  type  evaporation  units  are  usually 
used  with  inner  or  extension  heating  chamber.  The  solution  is 
evaporated  with  the  following  conditions  for  the  one-stage  plan  of 
evaporation  (one-housing  unit) : 


Pressure  of  the  heating  steam,  atm. 

Vacuum  in  the  apparatus  ,  rnm  Hg 
Composition  of  solution  for  evaooration  ,% 
Ca(NO-j) « 

NH,NOf 

Composition  of  melt  at  outlet  from  unit ,  % 
Ca(NO-j)  9 
NH^NOo 

Temperature  of  melt  at  outlet  from  unit,°C 
Temperature  of  liquor  vapor ,  °C 


25 Z 
1.4% 

77-82% 
5-6  % 
120 
105 


If  a  three-stage  plan  of  evaporation  is  used  (see  fig.  11-37)  , 
the  first  and  second  evaporators. 8  operate  continuously,  while  the 
third  operates  in  batches.  The  first  evaporator  on  the  course  of 
the  solution  is  heated  by  live  steam  (pressure  6-8  atm.)  In  the 
zone  of  solution  evaporation,  the  pressure  of  the  liquor  vapor  can 
be  1. 5-3-4  atm.  In  the  second  evaporator,  the  solution  is  evaporated 
with  vacuum  (residual  pressure  in  the  evaporation  zone  0.2  atm.). 
Heating  of  the  second  housing  uses  liquor  vapor  that  is  collected 
from  the  first  evaporator.  The  solution  that  emerges  from  the 
second  evaporator  is  collected  in  tank  10.  From  here  it  is  fed  to 
final  evaporation  in  the  third  evaporator  which  operates  at  vacuum 
of  600  mm  Hg.and  is  heated  by  live  steam  (pressure  6-8  atm.).  With 
the  indicated  vacuum,  the  boiling  point  of  the  solution  is  about 
110°C.  The  concentration  of  the  melt  at  the  outlet  from  the  unit 
reaches  roughly  85-86%  with  regard  for  the  presence  of  NH^NO^.  At 
atmospheric  pressure,  this  solution  boils  at  150®C  and  the  concen¬ 
tration  of  the  melt  only  slightly  exceeds  79%. 
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The  operating  pattern  of  the  three-housing  evaporator  with 
evaporation  of  solutions  of  calcium  nitrate  is  characterized  by  the 
following  indicators : 


Concentration  of  solution, % 
at  inlet  to  unit 
at  outlet  from  unit 
Vapor  pressure,  atm. 
of  heating 
of  liquor 

Boiling  point  of  solution, °C 
*Liquor  vapor  from  first  housing. 


first 

second 

third 

housing 

housing 

housing 

25 

36 

60 

36 

60 

86 

6 

1.5* 

6 

1.5 

0.2 

0.2 

118-120 

78-80 

110-112 

The  melt  pours  from  the  third  evaporator  into  vessel  11 ,  and 
is  further  sent  for  crystallization.  This  is  done  on  cooling  rollers 
13  or  in  the  granulation  towers . 


Crystallization  is  the  most  complicated  process  in  the  produc¬ 
tion  of  calcium  nitrate.  The  mechanism  for  the  formation  of  calcium 
nitrate  crystals  is  still  not  sufficiently  clear.  The  structure  of 
the  formed  salt  crystals  varies:  sometimes  in  crystallization  solid 
crystals  that  are  easily  separated  from  the  cooling  surface  of  the 
unit  are  formed.  In  other  cases  ,  a  viscous  syrupy-lilce  melt  is 
formed  that  does  not  harden  into  a  solid  crust.  Even  with  strong 
overcooling  of  the  calcium  nitrate  melt,  crystallization  sometimes 
does  not  occur.  In  order  to  cause  crystallization,  seed  crystals 
of  calcium  nitrate  are  put  into  the  melt.  However,  crystallization 
in  this  case  does  not  always  occur  in  the  same  way.  In  a  number  of 
cases,  this  is  associataed  with  the  inconstant  temperatures  of  salt 
melting  (see  table  11-17) . 

Ammonium  nitrate  has  a  great  effect  on  the  process  of  Ca(N03)2 
crystallization.  In  the  presence  of  ammonium  nitrate,  the  rate  of 
crystallization  of  calcium  nitrate  increases  1.5-2-fold  with  simul¬ 
taneous  increase  in  the  crystallization  temperature  by  50°C.  The 
more  ammonium  nitrate  is  contained  in  the  solution ,  the  better 
crystallization  occurs.  For  normal  occurrence  of  the  process  of 
crystallization  of  calcium  nitrate  ,  it  is  usually  quite  sufficient 
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to  have  5-6%  NH^NOj  of  the  quantity  of  calcium  nitrate  in  the  melt. 
It  has  been  established,  however,  that  when  there  is  a  content  of 
5%  ammonium  nitrate,  72%  melt  of  calcium  nitrate  (density  1.72  g/ 
cm  )  is  not  quite  crystallized  on  the  cooling  rollers,  while  the 
melt  that  contains  73-82%  CaCNC^^  (density  1.76-1.88  g/ctn~S  is 
crystallized  well,  and  the  83%  melt  (density  over  1.88  g/cm^)  is 
crystallized  poorly. 

Admixtures  of  nitrates  of  iron  and  aluminum  almost  have  no 
effect  on  the  rate  of  crystallization  of  calcium  nitrate*  in  the 
presence  of  silicates  and  sodium  nitrate  ,  its  crystallization  is 
impaired  (adhesive  and  poorly  hardening  crystals  are  obtained) . 

Crystallization  of  calcium  nitrate  with  the  addition  of 
ammonium  nitrate  occurs  on  cooling  rollers  at  90°C.  In  this  case t 
a  large  part  of  the  salt  is  crystallized  in  the  form  of  dihydrate 
Ca(N02>2  x  2H2O.  The  temperature  of  the  melt  in  the  roller  pan  is 
maintained  at  about  110°C. 

In  order  to  reduce  the  hygroscopicity  of  the  calcium  nitrate 
after  crystallization  on  the  cooling  rollers  ,  it  can  be  mixed  with 
hydrophobic  substances  (for  example,  with  paraffin-base  mazut) .  The 
mixing  is  done  in  a  small  rotating  drum-mixer  into  which  the  hydro- 
phobic  additive  is  dosed. 

Before  the  calcium  nitrate  is  loaded  into  the  packaging ,  it 
should  be  cooled  to  30°C  since  hot  salt  is  prone  to  conglomeration. 
This  impairs  its  scatterability .  The  calcium  nitrate  is  cooled  in 
a  drum  through  which  cooled  air  is  blown.  After  cooling ,  the 
calcium  nitrate  enters  the  packing  section  on  a  conveyer. 

The  product  is  packed  in  kraft  pulp  bituminized  bags  with 
holding  capacity  of  40-45  kg.  Automatic  scales  are  used  for 
weighing.  The  bags  are  sewn  on  sewing  machines  and  stored  in 
covered  dry  warehouses. 

Sample  consumption  coefficients  for  1  t  of  technical-grade 
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calcium  nitrate  containing  82%  CaCNO-j^: 


Solution  of  calcium  nitrate,  25%,  T  3.3 
Steam  (6-atm.),  T  2.0 
Water,  nr  75.0 
Electricity,  kw  x  h  23.5 
Bags ,  No.  25 


The  production  waste  is  1.6  T  of  steam  condensate  for  1  T  of 
nitrate. 

A  new  method  has  been  developed  for  granulating  calcium  nitrate 
(as  well  as  carbamide  and  other  substances  from  melts)  that  can  be 
recommended  instead  of  crystallization  of  it  on  the  surface  of  the 
cooled  drum  or  spraying  of  drops  of  melt  in  the  tower  in  the  stream  of 
air.  This  new  method  consists  of  crystallizing  the  salt  from  drops 
of  melt  sprayed  in  mineral  oil  that  contains  seed  crystals ,  with 
subsequent  separation  of  the  granules  from  the  oil  on  centrifuges. 

Use  and  quality  of  Calcium  Nitrate 

Calcium  nitrate  is  a  universal  physiological  alkaline 
fertilizer  that  is  suitable  for  all  soils  of  the  nonchernozem  zone 
with  insufficient  content  of  calcium.  However ,  because  of  the  low 
content  of  nitrogen  (15.5%),  its  shipping  great  distances  is  not 
profitable  ,  since  the  transportation  expenditures  significantly 
increase  the  cost  of  a  unit  of  nitrogen  in  the  fertilizer.  Conse¬ 
quently  ,  it  is  expedient  to  set  up  production  of  calcium  nitrate 
near  the  regions  of  its  consumption. 

According  to  MRTU-6-03-195-67 ,  the  calcium  nitrate  that  is 
used  as  a  fertilizer  is  manufactured  in  the  form  of  a  flaked  product 
of  light  chestnut  color.  The  total  nitrogen  content  in  the  calcium 
nitrate  (in  conversion  for  anhydrous  substance)  must  be  no  less  than 
17.5%.  The  content  of  ammonium  nitrate— -in  limits  of  4-7%,  and 
the  moisture  content  no  more  than  14%. 

In  order  to  improve  the  agrochemical  properties  of  calcium 
nitrate,  its  surface  treatment  with  paraffin-based  mazut  (up  to  1% 
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of  the  salt  weight)  is  permitted. 


Sample  granulometric  composition  of  the  finished  nitrate 
is  given  below: 


Particle  dimensions ,  mm  5  5-2  2 

Number  of  fractions,  %  80.2  19.5  0.3 


3.  Potassium  Nitrate 

Physical -Chemical  Properties  of  Potassium  Nitrate 


Potassium  nitrate,  KNO^.  is  an  anhydrous,  practically  non- 
hygroscopic  salt  of  white  color  which  is  crystallized  in  two  dif¬ 
ferent  forms.  At  low  temperatures,  crystals  of  rhombic  shape  are 
formed,  and  at  high  temperatures,  rhombohedral  crystals.  The  transi¬ 
tion  of  salt  from  one  crystal  form  into  another  occurs  at  127. 7 °C  and 
is  accompanied  by  the  release  of  heat  in  a  quantity  of  1.410  kcal/ 
mole. 


The  basic  physical -chemical  constants 
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of  potassium  nitrate 


are  given  below: 


Molecular  weight 
Density,  g/cnr 
Melting  point ,  8C 
Heat  capacity  at  28°C 
specific,  cal/(g  x  deg) 
molar  cal /(mole  x  deg) 

Heat  of  formation  from  simple 
kcal /mole 

Heat  of  dissolving  in  280-560 
at  15°C,  kcal/mole 


101.107 

2.11 

337 

0.221 

22.38 

substances , 

117.76 

mole  of  water 

-8.3 

When  potassium  nitrate  is  heated  above  338°C,  oxygen  is 
released  and  potassium  nitrite  is  formed.  At  higher  temperatures, 
potassium  oxide  1^0  can  be  formed.  When  heated  with  sulfuric  acid, 
potassium  nitrate  is  broken  down  with  the  release  of  nitric  oxides. 

The  salt  is  easily  dissolved  in  water  and  in  diluted  ethyl 
alcohol.  Dissolving  of  potassium  nitrate  in  water  occurs  with  a 
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TABLE  11-29,  DENSITY  OF  AQUEOUS  SOLUTIONS2  OF  KNO-j 


Ttuniptrypii  *C 

TMIR 

KNO. 

NC.  \ 

10 

20 

30 

40 

iO 

SO 

•0 

100 

1 

1,006 

1,004 

1,002 

0,998 

0,994 

0,989 

0,978 

0,964 

•» 

1,012 

1,010 

— 

1,004 

- - 

0,994 

0,983 

0,960 

4 

1,025 

1,023 

1,020 

1,016 

1,012 

1,007 

0,995 

0,820 

6 

1,039 

1,036 

1,033 

1,029 

1,024 

1,019 

1,007 

0,994 

8 

1,052 

1,049 

1.041 

— 

1,031 

1,019 

1,005 

10 

1,066 

1,063 

1,058 

1,054 

1,049 

1,044 

1,032 

1,018 

12 

1,079 

1,076 

— 

1,067 

— 

1,056 

1,044 

1,030 

16 

1,104 

1,099 

1,094 

1,089 

1,083 

1,070 

1,056 

20 

_ 

1,133 

1,128 

1,122 

1,117 

1,111 

1,097 

1,083 

24 

— 

1,162 

1,157 

1.152 

1,145 

1,139 

1,126 

1,111 

Key: 

1.  Concentration  of  KN03  ,  weight. % 

2.  Temperature , °C 


TABLE  11-30.  VISCOSITY  OF  AQUEOUS 
SOLUTIONS2  OF  KN03(in  centipoise) 


Temie- 

paTypa 

- 51 - 

^  KoaqaarpaqiH  KNO,, 

% 

^1 

<0 

43 

20 

JO 

O 

1.68 

1.61 

__ 

_ 

— 

10 

1.25 

1.22 

1.21 

1.25 

— 

20 

0.98 

0.97 

0.98 

1.01 

- — 

30 

0.80 

0-80 

030 

0S1 

089 

40 

0,66 

0.67 

089 

0.70 

• - 

50 

0.56 

0.58 

0.59 

0.60 

*— 

60 

049 

0.50 

0251 

0.53 

Key: 

1 .  Temperature 

2.  Concentration  of  KN03,Z 


TABLE  11-31 .  SPECIFIC  HEAT 
CAPACITY2  OF  AQUEOUS  SOLUTIONS  , 
OF  KN03 


l!> 

Team*. 

P.TVP* 

Kowwrrpaq** 

t/i00  •  aojoi 

- (5) 

Tenjio- 

eMKOCTh 

au/(wpa0) 

20 

1.4 

0,9842 

5.6 

0.9421 

224 

,  08319 

18 

2.8 

0.966 

11.4 

08319 

Key: 

1 .  Temperature  ,  °C 

2.  KN03  concentration,  g/100 
g  of  water 

3.  Heat  capacity,  cal/(g  x 
deg) . 


In  the  presence  of  NaCl ,  the  solubility  of  potassium  nitrate 

28 

is  considerably  increased.  For  example,  in  100  g  of  a  saturated 
solution  (21.63  g  of  KN03)  at  180C,  after  addition  of  5  g  of  NaCl, 
another  0 . 741*  g  of  potassium  nitrate  are  dissolved,  and  after  addition 
of  26.85  g  of  NaCl,  another  3.22  g  of  KN03  are  dissolved. 

The  solubility  of  KN03  in  ethyl  alcohol  at  15°C: 
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Concentration  of  KNO- ,%  13.2  8.5  5.6  4.3  2.8  1.7 

Concentration  of  C2Hj-0H,!J  10  20  30  40  50  60 


TABLE  11-32.  PRESSURE  OF  WATER  VAPORS2  ABOVE  KNO, 
SOLUTIONS  J 


itc,nsrm 

!  */  too  a  M  Wj 

mm  pm.  cm'j 

Toowgrrypo 

Ko,,ss^r-, 

•  /too  •  MAH j 

JXmnmm 
mm  pm .  cm. 

—2,82 

0 

11,52 

13,3 

3,62 

4,45 

70 

80 

138 

169 

181,8 

282,2 

10 

20,9 

6,86 

90 

202 

366,9 

20 

31,6 

16,52 

100 

246 

499 

25 

37,3 

22,10 

110 

295 

660 

30 

45.8 

29,20 

115 

330 

760 

40 

63,9 

49,0 

120 

365 

852 

50 

85,5 

78,8 

125 

415 

958 

60 

110 

121,94 

Key: 

1.  Temperature  ,°C 

2.  KNO o  Concentration,  g/100  g  of  water 

3.  Pressure,  mm  Hg 

The  saturated  solution  of  potassium  nitrate  boils  at  115 °C. 

At  high  temperatures,  potassium  nitrate  acts  like  a  strong 
oxidizing  substance  (in  the  presence  of  KNO^  ,  carbon,  sulfur,  organic 
substances,  etc.  are  easily  ignited). 

Potassium  nitrate  can  be  combined  with  HNOj  to  form  acid 
nitrates:  KNO^  x  HNO^  and  KNO3  x  2HNO3. 

The  properties  of  the  aqueous  solutions  of  potassium  nitrate 
are  presented  in  tables  II- 29-11- 33. 

The  heat  conductivity  A  of  aqueous  solutions  of  KNO,  at  20°C 

53  J 

has  the  following  values  : 

KNO-  concentration,  %  10  20  30 

A,  cal/(cm  x  s  x  deg)  0.502  0.487  0.469 

Methods  of  Potassium  Nitrate  Production 

Industry  uses  the  following  methods  for  producing  potassium 
nitrate: 
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TABLE  11-33.  BOILING  POINT2  OF 
AQUEOUS  SOLUTIONS  OF  KN03  AT  760  mm  Hg 


KvneHvn 

°c 

- rSi - 

KotancHTptfmm 

KNO. 

•/too  •  Boat i 

TexneprrVtU 

rnnnm 

•c 

KometrrpuWt 

KNO, 

t/100  1  BOBU 

lot 

15,2 

109 

164,0 

102 

31,0 

110 

188,5 

103 

47,5 

111 

215,0 

104 

64,5 

112 

243,0 

105 

82,0 

113 

276,0 

106 

101,0 

114 

306,0 

107 

120,5 

115 

338,5  |S) 

108 

141,5 

pacnop) 

Key: 

1.  Boiling  point,  °C 

2.  KNOo  concentration,  g/100  g  of  water 

3.  Saturated  solution 


1)  conversion  method- -double  decomposition  of  sodium  nitrate 
and  potassium  chloride; 

2)  direct  method--interaction  of  potassium  chloride  and 
diluted  (weak)  nitric  acid  or  liquid  nitric  oxides-, 

3)  cation  method- -exchange  between  ions  of  potassium  and  cal¬ 
cium  in  equivalent  ratios  with  the  help  of  solid  sorbents-cationites ; 

4)  neutralization  method — neutralization  of  nitric  acid  or 
nitric  oxides  by  potassium  hydroxide  with  subsequent  inversion  of 
formed  potassium  nitrite  into  KNO^. 

Raw  material .  All  the  industrial  methods  for  producing 
potassium  nitrate  (with  the  exception  of  neutralization)  use  potas¬ 
sium  chloride  as  one  of  the  types  of  raw  material. 

According  to  GOST  4568-65,  two  brands  of  potassium  chloride 
are  produced:  K  and  F.  Their  quality  must  meet  the  following 
indicates : 


Indicator 

Brand  K 

Brand  F 

highest 

1st  . 

2nd 

2nd  i 

3rd 

KC1  content,!,  no  less 
in  conversion  for  dry 
stance 

sub- 

99 

1 

98.3 

95 

„ 

92 

in  conversion  for  K20 

• 

- 

60 

60  i 

58.1 

NaCl  admixtures 

In  conversion  for  dry 
stance  ,  Z  ,  no  -more 

sub- 

0.9 

1.4 

4.5 

1 

4-5  i 

7.0 
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Moisture  content ,%  no  more 
Residue  insoluble  in  water  ,X 
no  more 


I  0. 3 


!  0.1 


1.0 

0.15 


1.0 


1.0 


1.0 


not  standardized 


The  production  of  potassium  nitrate  uses  only  the  first  and 
second  grades  of  potassium  chloride  of  brand  K  that  is  shipped  in 
a  pile  in  railroad  cars.  The  salt  that  contains  an  additive  of 
amines  does  not  cake.  In  the  absence  of  this  additive,  potassium 
chloride  cakes ,  forming  a  monolithic  mass  that  is  difficult  to 
break  up. 

The  density  of  solid  KC1  is  about  2  T/tn  •  The  saturated  pure 
solution  of  this  salt  boils  at  108. 6 °C  and  contains  58.4  g  of  KC1 
in  100  g  of  water. 


TABLE  11-34.  KC1  SOLUBILITY  IN  WATER54 


- 7T 

T«MiiepaTypa 

"C 

- \ST 

PacraopMMO'Tb 

nnor- 

K OCTh 
it  CM.' 

0> 

TenuepaTYpa 

•c 

PaCMOpBHOCTh 

(6) 

ruior- 

UOCTfc 

t/CJt* 

(4J 

acc.  % 

*(* 

CJ) 
MC.  *4 

•/* 

—10 

18.8 

213 

1,133 

60 

31,4 

376 

1,198 

0 

21,9 

253 

1,154 

70 

32,6 

392 

1,202 

+10 

23,8 

277 

1,165 

75 

33,2 

399 

1,203 

20 

25, S 

301 

1,174 

80 

33,8 

407 

1,205 

25 

26,45 

312 

1,178 

90 

34,9 

422 

1,208 

30 

27,2 

322  , 

1,182 

100 

35,9 

434 

1.210 

40 

28i2 

341 

1,188 

125 

38,2 

463 

1,213 

50 

30,1 

359 

1,194 

150 

40,5 

492 

1,215 

Key: 

1 . Temperature ,  “C 
2. Solubility 
3. Weight.! 

4-g/l  3 

5. Density,  g/cm 

The  production  of  potassium  nitrate  generally  uses  potassium 
chloride  in  the  form  of  aqueous  solutions  of  varying  concentration. 
Tables  II-34-II-38  present  the  basic  properties  of  the  aqueous 
solutions  of  potassium  chloride. 

The  viscosity  of  concentrated  KC1  solutions  at  18°C  is: 

KC1  Concentration  ,g 106.4  226.7  300 

Viscosity,  centipoise  1.056  1.089  1.120 
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TABLE  11*35.  DENSITY  OF  AQUEOUS  SOLUTIONS54OF  KC1 
(IN  g /cni  ) 


In’5 

_  _ 

Ttiaipnypi.  *C 

. 

iii i 

0 

|  >°  i 

20 

25  | 

l 

30 

SO 

80 

100 

i 

1,00661 

1,00627 

1,00463 

1,00342 

1,00198 

0,99847 

0,99426 

0,9780 

0,9646 

4 

1,02690 

1,02595 

1,02391 

1,02225 

1,02099 

1,01727 

1,01294 

0,9966 

0,9834 

6 

1,04055 

1,03920 

1,03690 

1,03544 

1,03380 

1,02995 

1,02554 

1,0092 

0,9960 

8 

1,05431 

1,05227 

1,05003 

1,04847 

1,04675 

1,04278 

1,03829 

1,0219 

1,0088 

10 

1,06820 

1,06609 

1,06332 

1,06167 

1,05987 

1,05578 

1,05122 

1,0347 

1,0218 

12 

1,08222 

1,07978 

1,07679 

1,07506 

1,07318 

1,06897 

1,06435 

1,0478 

1,0350 

14 

1,00638 

1,09366 

1,09046 

1,08865 

1,08669 

1,08237 

1,07770 

1,0611 

1,0483 

16 

1,11068 

1,10775 

1,10434 

1,10245 

1,10041 

1,09600 

1,09128 

1,0746 

1,0619 

18 

1,12513 

1,12207 

1,11845 

1,11647 

1,11435  | 

1,10987 

1,10510  ; 

1,0884 

1,0757 

20  / 

1,13973 

1,13663 

1,13280 

1,13072 

1,12852 

1,12399 

1,11917 

1,1024 

1,0897 

22 

1,15449 

1,15144  , 

1,14740 

1,14521 

1,14294 

1,13836 

1,13349 

1,1166 

1,1040 

24 

_ 

_ 

1,16226 

1,15995 

1,15762 

1,15299 

1,14807  | 

1,1311 

1,1185 

26, 

1,17495 

1,17254 

1,16788 

1,16291 

1.1458 

1,1333 

28 

— 

—  1 

— 

1,18304 

1,17802 

1,1609 

1,1483 

Key: 

1.  KC1  concentration,  weight. % 

2.  Temperature  ,°C 


TABLE  11-36.  VISCOSITY  OF 
AQUEOUS  SOLUTIONS54  OF  KCI 
(IN  CENTIPOISE) 


► 

| 

Ip 

pj 

KomwRpa- 
om  KCI.  t/A 

I6* 

i 

i 

SP 

- PT— 

Houses*  pa- 
qn  KCI.  i/a 

37,27 

74.46 

37,27 

74, 44 

5 

1,460 

1,411 

so 

0,561 

0,572 

10 

1,261 

1,236 

60 

0,482 

0,495 

18 

1,049 

1,050 

70 

0,419 

0,431 

30 

0,798 

0,800 

80 

0,369 

0,411 

-40 

0,661 

0,870 

85 

0,347 

0,360 

TABLE  11-37.  SURFACE  TENSION54 
OF  AQUEOUS  SOLUTIONS  OF  KCI  (IN 
dyne  /cm) 


- FT 

KOMOAH- 

Tp*WW 

KCI 

*/* 

^TesnepeTjrp*.  *C 

20 

24 

40 

105.35 

74.83 

7182 

159.1 

7599 

— 

72.90 

223,6 

— 

77.77 

— 

298-2  , 

— 

7785 

— 

360.1  1 

78.95 

Key: 

1.  Temperature  ,°C 

2.  KCI  concentration,  g/V 


Key : 

1.  KCI  concentration,  g/i 

2 .  Temperature , “C 


Conversion  Method  for  Producing  Potassium  Nitrate 


2 


,3,28,55-58 


Double  decomposition  of  sodium  nitrate  and  potassium  chloride 
occurs  according  to  the  reaction: 

IftNOrf  KCI  *=£  KNOt+NaCl  (11-16) 
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TABLE  11-38.  SPECIFIC  HEAT  CAPACITY54 
OF  AQUEOUS  SOLUTIONS  OF  KC1  [in  kcal/ 
(kg  x  deg)  ] 


,  (•> 
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0.9144 
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00423 
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0045 
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Key: 

1.  KC1  concentration,  mole/ 

2.  Temperature  ,°C 


Figure  11-38.  Solubility  of  Nitrates 
and  Chlorides  of  Potassium  and  Sodium 
in  Water 

Key: 

1.  Concentration  of  salt ,% 

2.  Temperature , °C 


The  equilibrium  content  of  salts  that  participate  in  this 
reaction  depends  very  strongly  on  the  temperature  at  which  the 
process  occurs. 

As  follows  from  fig.  11-38,  with  an  increase  in  temperature, 
the  solubility  of  nitrates  of  potassium  and  sodium  significantly 
rises ,  while  the  solubility  of  chlorides  of  these  metals  changes 
little.  For  example,^  at  20°C,  for  1000  mole  of  water  in  solution 
there  is  74  mole  of  KNOg  and  104  mole  of  NaCl.  At  100°C,  for  1000 
mole  of  water  in  solution  there  is  438  mole  of  KNO3  and  the  same 
104  mole  of  NaCl. 

(Then  water  is  evaporated  from  a  solution  that  contains  equi- 
molecular  quantities  of  sodium  nitrate  and  potassium  chloride ,  a  small 
quantity  of  NaCl  is  released  into  the  precipitate ,  and  the  solution 
becomes  saturated  for  KC1.  In  order  to  increase  the  quantity  of  NaCl 
in  the  precipitate,  and  consequently,  to  increase  the  output  of 
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potassium  nitrate,  a  surplus  of 'sodium  nitrate  is  added  to  the 
original  solution. 

The  solubility  of  sodium  chloride  at  the  boiling  point  of  its 
solution  is  almost  the  same  as  at  normal  temperature ,  while  the 
solubility  of  KNO^  at  the  boiling  point  of  the  solution  increased 
many  times.  Therefore,  roughly  70Z  of  the  NaCl  that  is  formed  in 
the  reaction  (11-16)  precipitates  out  from  the  hot  saturated  solu¬ 
tion  os  sodium  nitrate  and  potassium  chloride.  It  follows  from  here 
that  it  is  expedient  to  conduct  the  reaction  of  double  decomposition 
only  at  higher  temperatures. 

In  addition  to  KC1  (or  its  solutions) ,  the  production  of 
potassium  nitrate  uses  solut  ms  of  sodium  nitrate  that  are  usually 
obtained  by  inversion  of  nitrite-nitrate  alkalis  (p.299).  A 
sample  composition  of  inverted  solutions  is  given  below  (in  g/l): 

N*NO,  .  400-450  N«HCO,+  N«iCO»  .  .  To  0,4 

NaNOi  . to  0,2  N»Cl  +  NMO»  ...  »  2 

In  order  to  obtain  potassium  nitrate  that  does  not  contain 
admixtures  of  carbonates  and  sodium  nitrates  that  accompany  the 
sodium  nitrate,  a  small  quantity  of  ammonium  nitrate"^  is  added  to 
the  converted  solutions.  In  this  case,  the  admixture  is  broken  down: 

N  •tCOs+  2N  H^NOj  =■  (N  KjhCO,  +  2N  »N  O* 

N»NO,+  NH«NO»—  NH*NO*+  NaNOs 
(NHjjjCO*  — -*•  2NHi+C0i+H«0 
NH4NO1  — *  N»-f  2H*0 

Gaseous  products  of  admixture  decomposition  together  with  the 
steam  formed  during  the  conversion  process  are  removed  into  the 
atmosphere. 

The  process  of  obtaining  potassium  nitrate  by  the  conversion 
method  (fig.  11-39)  consists  of  two  basic  stages:  1)  double  de¬ 
composition  of  sodium  nitrate  and  potassium  chloride;  2)  purification 
of  the  primary  (’’raw  material")  potassium  nitrate  of  sodium  chloride 
and  mechanical  admixtures . 
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These  two  basic  stages  include  the  following  operations: 

dissolving  of  KC1  in  pre-evaporated  solutions  of  sodium 
nitrate  (if  solid  sodium  nitrate  is  used  as  the  raw  material,  then 
it  is  dissolved  until  a  solution  of  the  assigned  concentration  is 
obtained;  in  this  case,  the. process  of  evaporation  of  the  solutions 
is  eliminated) ; 

filtering  of  the  mixture  of  KC1  and  NaNOg  solutions  of  insoluble 
admixtures  (sometimes  instead  of  filtering,  one  is  limited  to 
settling  of  the  mixture); 

double  decomposition  of  NaNOg  and  KC1; 

separation  of  the  precipitated  sludge  (NaCl)  from  the  KNOg 
solution; 

washing  of  the  sludge  (from  KNOg)  and  its  dissolving  (obtained 
solution  of  NaCl  is  used  in  the  shops  of  steam  supply  for  actionite 
purification  of  water  and  other  purposes) ; 

crystallization  of  KNOg  from  solutions  and  separation  of 
crystals  (obtaining  of  "raw  material"  of  salt); 

washing  of  crystals  of  primary  crystallization; 
dissolving  (  "steaming")  of  crystals  and  filtering  of  solutions 
of  insoluble  admixtures; 

‘  secondary  crystallization  of  KNOg  from  solutions ; 
separation  of  nitrate  from  mother  liauor  and  washing  of 
crystals  on  centrifuge  from  residue  of  chlorides; 
drying  and  packing  of  finished  product. 

The  conversion  method  for  production  of  potassium  nitrate 
has  major  shortcomings:  expensive  sodium  nitrate  is  used  as  the 
raw  material,  scarce  soda  is  used  for  its  production,  the  technolo¬ 
gical  process  and  the  equipment  are  cumbersome  and  labor  intensive, 
and  the  consumption  of  steam  is  comparatively  great. 

The  basic  indicators  of  the  technological  regime  are  presented 


below. 


Figure  11-39.  Plan  for  Production  of  Potassium 
Nitrate  by  Conversion  Method 

Keyn 

1.  Mixer  (mixer-dissolver)  for  preparation  of  NaNO^ 
and  KCl  solution 

2.11.  Filter-presses 

3 .  Reactor 

4.  Pressure  filter  or  Nutsch  filter  for  separation  of 
NaCl  precipitate 

5.  Collectors  of  solutions  and  wash  water 

6.  Pressure  tank  of  primary  KNO^  solutions 

7,10.  Crystallizers  (primary  and  secondary  crystallization 
of  KNO^) 

8.12.  Centrifuges 

9.  Solvent  of  crystals  ("steamer") 

1 3 .  Drying  drum 
Key:  14.  To  atmosphere 

15.  Solution 

16.  Steam 

17.  Air 

18.  Condensate 

19.  Sludge  to  washing 

20.  Steam  condensate 

21.  Heated  air 

22.  Mother  liquor 

23 .  To  packing 

24.  Water 


Indicators  Standards 

Composition  of  salt  solution  sent  for  conversion, 

g/l 

NaNO,  380-450 

KCl  J  280-370 

Pressure  of  heating  steam  feed  to  reactor,  atm.  6-8 

in  mixer- t’C  70-80 

at  end  of  conversion  process  ,  125-130 

Density  of  converted  solution,  g/cnr  1.65-1.68 

Temperature  of  solution  filtering,  °C  90-100 

KNO,  content  in  sludge  (NaCl)  ,  7. 


15-20 
to  1.5 


before  washing 
after  washing 

Composition  of  solution  sent  for  primary 
crystallization,  g l\ 


KNO- 

NaCI 

Density  of  solution  before  primary  crystallization, 
g/ctn 

NaCI  content  in  "raw"  salt  of  primary  crystal¬ 
lization,  % 

before  washing 


after  washing 

Composition  of  solution  after 
primary  crystals,  g/t 


"steaming" 


of 


NaCI  content  in  salt  loaded  from  centrifuge  ,% 
Temperature  of  drying  KNO^  crystals  ,  °C 


900-950 

150-170 

1.54-1.56 


Not  more  than 
6 

1-1.5 


900-1100 
35-50 
to  0.03 
110-115 


The  consumption  coefficients  for  1  f  of  potassium  nitrate 
obtaimed  by  the  conversion  method: 


Sodium  nitrate(100%  NaNO.,)  ,  T  0.975-0.980 

Potassium  chloride  (95%  KCl),  \  0.910-0.960 

Ammonium  nitrate,  kg  20-25 

Electricity,  x  h  90-120 

Steam,  Xo  8-9 

Water,  mJ  90-100 

Compressed  air,  nr  200-250 

Paper  bags,  No.  23 

Filter  cloth  (belting),  running  meter  0.5 


Basic  Equipment 

Reactors .  Conversion  of  NaNO^  and  KCl  and  evaporation  of 
primary  liquor  and  wash  waters  use  single-stage  evaporators  or 
special  batch- type  reactors.  The  evaporators  have  the  simplest 
design  (heating  chamber — tube  with  heat  exchange  surface  about  160 
m^ ,  evaporation  part  with  hollow  volume  ,  circulation  pipe  located  in 
center).  The  height  of  these  units  is  8.5  m,  diameter  2.5  m. 

Sometimes  vertical  evaporators  are  used  with  conical  bottom  and  cooper 

2 

tube  (surface  of  heat  exchange  is  150  m  ).  The  height  of  the  units 
is  6.5  m,  the  diameter  is  2.5  m. 
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The  special  batch-operated  reactor  (fig.  11-40)  is  a  cylindri¬ 
cal  vertical  vessel  with  conical  bottom  and  cover  that  is  equipped 
with  a  separator.  There  are  coils  within  the  reactor.  Steam  to  heat 
and  partially  evaporate  the  reaction  mass  flows  on  them.  Small 
quantities  of  compressed  air  (pressure  3  atm.)  and  live  steam  (pres¬ 
sure  5  atm.)  are  fed  into  the  unit  to  prevent  blocking  of  the  lower 
part  of  the  reactor  with  NaCl  precipitate ,  and  also  to  accelerate 
the  reaction. 

58 

The  reactors  are  made  of  carbon  steel  .,  the  steam  coils  are 
usually  made  of  stainless  steel.  The  duration  of  the  process  of 
double  decomposition  in  this  reactor  is  about  5-6  h,  with  a  sur¬ 
plus  of  sodium  nitrate  in  the  solutions  in  limits  of  90-120  g/1 
NaNO^.  At  the  end  of  the  reaction,  the  KNO^  solution  is  removed 
from  the  unit  together  with  NaCl  crystals. 

Nutsch  filters  and  pressure  filters  are  designed  to  separate 
the  solutions  of  KNO3  that  come  from  the  reactors  from  the  precipi¬ 
tate  (NaCl  sludge).  The  filters  are  made  of  stainless,  less  often 
carbon  steel,  and  differ  little  in  design  from  each  other. 

3 

For  example,  the  Nutsch  filter  with  capacity  of  2.5  m  is 
used.  It  is  separated  in  height  into  two  parts  by  grids.  The  upper 
cylindrical  part  of  the  filter  is  a  receiver  for  the  suspension  and 
is  used  to  separate  and  wash  the  NaCl  precipitate  that  remains  on 
the  grid.  The  lower  part  of  the  filter  collects  and  removes  the 
filtrate  to  the  next  process.  The  filter  surface  is  burlap  or  belt¬ 
ing  cloth  that  is  pressed  between  two  grids  (often  metal  grates  with 
fine  weave  are  used  instead  of  the  cloth) . 

The  sludge  on  the  grid  is  first  washed  with  mother  liquors 
after  primary  crystallization,  then  with  water,  after  which  the 
sludge  that  mainly  contains  NaCl,  is  dissolved  in  water  and  used 
for  different  purposes  (p.275).  The  wash  water  is  usually  added  to 
the  converted  solutions. 

The  suspensions  are  separated  in  the  pressure  filters  under 
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Figure 

11-40.  Reactor  for  Conversion  of 

NaNO, 

and  KC1 

Key: 

1. 

Housing 

2. 

Bottom 

3. 

Perforated  pipe  for  input  of  live 
steam 

4. 

Steam  coils 

5. 

Manhole 

6. 

Separator 

7. 

Connecting  t>ipe  for  removal  of  water 
vapors  ,  air  and  other  gases 

8. 

Cover 

-  9. 

Connecting  pipe  to  feed  mixture  of 
solutions  of  NaMO^  and  KC1 

10. 

Steam 

11. 

Condensate 

12. 

Air 

pressure  of  steam  or  air  to  4  atm.  The  pressure  filters  ,  like  the 
Nutsch  filters,  have  air  pipes,  trap  doors  for  unloading  the  sludge, 
connecting  pipe  for  input  of  steam ,  water ,  suspension  and  output  of 
the  filtrate.  They  are  equipped  with  measuring  instruments  and 
safety  devices. 

Crystallizers.  Crystallizers  of  drum  and  worm  type ,  equipped 
with  cooling  water  sleeves  are  used  to  crystallize  the  potassium 
nitrate  from  its  solutions. 

The  two-stage  drum-type  crystallizer  (length  9.5  m,  outer 
diameter  1.2m)  is  installed  at  an  angle  of  2-4°  to  the  line  of 
emergence  of  the  suspension  of  crystals  in  the  mother  liquor  from 
it.  A  toothed  rim  is  seated  on  the  drum.  It  is  used  (from  an 
electric  motor  through  a  reducer)  to  rotate  the  drum  with  a  rate  of 
16  rpm.  In  order  to  prevent  crystals  of  potassium  nitrate  from 
building  up  on  the  inner  surface  of  the  drum,  it  has  a  chain  that 
breaks  up  the  salt  crust  which  adheres  to  the  walls.  The  drum  is 
cooled  with  water  fed  into  the  sleeve  of  the  crystallizer. 

The  most  widespread  worm  crystallizers  are  10  m  long  with 
diameter  of  1.2  m.  Blades  for  mixing  slurry  are  on  the  central 
shaft  of  the  crystallizer. 
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Figure  11-41.  Dissolver  of  Crystals 
("Steamer") 

Key: 

1.  Housing 

2.  Steam  coils 

3.  Metal  grid  with  small  weave 

4.  Perforated  partition  (lattice) 

5.  Perforated  pipe  for  input  of 
live  steam 

6 .  Slurry 

7.  Hot  steam  condensate 

8.  Steam 

9 .  Condensate 

10.  Solution  to  crystallization 


Centrifuges .  The  production  of  potassium  nitrate  uses  auto¬ 
matic  centrifuges  of  continuous  operation.  The  rotation  rate  of  the 
bowl  is  880  rpm. 


The  drying  drum  is  a  horizontal  welded  cyclinder,  1.5  m  in 
diameter  and  9  m  long.  The  drum  is  made  of  carbon  steel  (thickness 
of  the  walls  5-7  mm) .  It  is  lined  on  the  inside  with  sheet  aluminum. 
Twelve  ribs  (blades)  are  attached  over  the  length  of  the  drum.  The 
rotation  rate  of  the  drum  is  3-5  rpm. 


Dissolver  of  crystals  .  the  "steamer”  (fig.  11-41)  is  designed 
to  separate  the  residues  ofmother  liquor  from  the  potassium  nitrate 
crystals,  and  dissolve  them  for  subsequent  recrystallization. 

The  unit  is  made  of  stainless  steel.  Its  volume  is  6-12  m  . 

In  individual  cases ,  the  dissolver  is  used  as  a  filter  to  separate 
large-dispersed  particles  of  insoluble  admixtures  from  the  solutions. 
Sometimes  the  "steamer"  is  equipped  with  a  mixer. 

Direct  Methods  of  Producing  Potassium  Nitrate^  *  ^9-62 


The  interaction  of  potassium  chloride  with  nitric  acid  or 
with  liquid  nitric  oxides  occurs  according  to  the  following  reactions: 
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KClJ-  HN0,  =  KN0S4-HC1  (U-17) 

3HC1+  HNOj=  NOCl-t-Cl,  -I-  2H,0  (TI-18) 

2KCl4-3NOi+HtO  =  2KNO,+  2HCI+NO  (!M9> 

HCl  +  2N0,=  HN0,-fN0Cl  (1 1-20) 


The  reaction  (11-18)  practically  does  not  occur  at  low  concen¬ 
trations  of  nitric  acid  and  normal  temperature.  With  a  concentration 

of  HNO^  over  50%  and  temperatures  above“5^-”60ae-, -  as  well- as -when . 

liquid  nitric  oxides  are  used,  the  breakdown  of  potassium  chloride 
is  accompanied  by  the  formation  of  nitrosyl  chloride  and  chlorine. 

If  diluted  nitric  acid  is  used  as  the  raw  material,  the  formed 
mother  liquors  that  contain  KNO^  and  HC1  are  reprocessed  into 
potassium  nitrate  and  ammonium  chloride,  less  often,  into  mixed  fer¬ 
tilizers.  When  liquid  nitric  oxides  and  solid  KC1  are  used,  potassium 
nitrate  is  obtained  which  contains  a  considerable  quantity  of 
mechanical  admixtures  and  sodium  nitrate.  Their  removal  (in  the  case 
of  production  for  technical  needs)  requires  two- stage  recrystallization 
of  the  primary  salt. 

Nitrosyl  chloride  that  is  formed  in  the  production  of  potassium 
nitrate  by  direct  methods  is  oxidized  by  pure  oxygen: 

2NOC1+ O*—  N,Ot-)-CIt  (11-21) 

Potassium  chloride  which  is  loaded  into  the  contact  apparatus 
is  used  as  the  catalyst  of  this  reaction.  Since  nitrosyl  chloride 
is  only  oxidized  by  75%  ,  the  gas  mixture  at  the  outlet  from  the  con¬ 
tact  apparatus  is  separated  on  a  special  unit. 

As  a  consequence  of  the  high  agressiveness  of  the  media  in 
which  the  processes  of  producing  potassium  nitrate  by  direct  methods 
are  performed ,  the  apparatus  has  to  be  made  of  special  corrosion- 
resistant  materials  (reactor  of  ferrosilide  of  special  brand,  the 
lining  of  diabase,  etc.). 
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Production  of  Potassium  Nitrate  from  Liquid  Nitric  Oxides  and  Solid 
Potassium  Chloride 

Potassium  chloride  is  dried,  crushed,  ground  and  screened  to 
produce  a  powdery  product  that  further  enters  the  reaction  apparatus 
(converter)  made  in  the  form  of  a  spherical  mill  or  rotating  drum. 

At  the  same  time ,  liquid  nitric  oxides  are  fed  into  the  converter 
with  surplus  of  10-15%  of  the  stoichiometric  quantity.  A  temperature 
of  -5  -  +5°C  is  maintained  in  the  converter,  while  the  nitric  oxides 
entering  it  must  have  a  temperature  of  -158C. 

The  potassium  nitrate  is  sent  from  the  converter  to  the  drying 
drum  where  it  is  dried  by  air  at  a  temperature  of  90-100°C.  From 
here,  the  potassium  nitrate  is  packed  or  recrystallized  to  produce 
a  product  that  is  suitable  for  technical  needs. 

The  gas  mixture  that  is  formed  in  the  course  of  the  reaction 
comes  from  the  converter  to  the  liquor  cooler  where  it  is  cooled  to 
-10°C.  Here  the  greater  part  of  the  nitric  acids  that  were 
returned  to  the  converter  are  condensed  from  the  gas.  The  nitrosyl 
chloride  together  with  other  gases  enters  for  further  reprocessing. 

After  separation  of  the  nitric  oxides ,  the  gases  are  mixed 
with  pure  oxygen ,  pass*  through  two  heat  exchangers  and  are  heated  to 
240°C.  The  gas  mixture  is  further  sent  to  the  contact  apparatus 
where  the  nitrosyl  chloride  is  broken  down  in  the  presence  of  KC1 
(catalyst) .  At  the  outlet  from  the  contact  apparatus ,  the  gases  are 
initially  cooled  in  water ,  then  in  liquor  coolers ,  and  enter  the 
rectification  column  at  20-22°C. 

The  gases  in  the  column  are  separated  into  nitrosyl  chloride 
(which  is  returned  to  the  contact  apparatus) ,  residue  of  nitric 
oxides  (with  admixture  of  NOCDsent  to  the  converter,  and  chlorine 
(with  admixture  of  oxygen)  that  can  be  removed  from  the  upper  part 
of  the  column  for  liquefaction,  or  to  the  shops  that  process  organo- 
chloride  products. 
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The  degree  of  conversion  of  potassium  chloride  into  KNO^  is 
93%  ,  the  degree  of  oxidation  of  nitrosyl  chloride  by  oxygen  at 
240°C  does  not  exceed  75%.  In  individual  cases,  N0C1  with  an  ad¬ 
mixture  of  nitric  oxide  can  be  used  for  nitrosation  of  certain 
organic  substances. 

The  described  method  of  producing  potassium  nitrate  is  dis¬ 
tinguished  by  many  stages  and  a  number  of  difficulties  that  do  not 
make  it  possible  to  obtain  a  product  of 'the- required  quality.  They 
are  due  to  the  fact  that  the  solid  potassium  chloride  used  in  this 
process  contains  admixtures  (  silicates,  NaCl ,  insoluble  oxides, etc.) 
which  completely  pass  into  the  composition  of  potassium  nitrate.  In 
addition,  since  the  liquid  nitric  oxides  contain  0. 3-0.5%  moisture, 
then  a  certain  quantity  of  hydrochloric  and  nitric  acids  are  also 
present  in  the  potassium  nitrate.  This  makes  it  necessary  to 
neutralize  the  primary  product  with  alkali. 

The  primary  product  generally  also  contains  unreacted  KCl  and 
sodium  nitrate  which  Is  formed  from  sodium  chloride  that  is  always 
present  in  the  original  potassium  chloride.  Since  the  product  is 
contaminated  with  the  listed  admixtures  ,  it  is  suitable  for  use 
only  as  a  fertilizer.  If  it  is  necessary  to  manufacture  potassium 
nitrate  for  industrial  consumers ,  the  primary  product  should  be  re¬ 
crystallized,  and  this  requires  all  the  technological  equipment  of  a 
salt  industries  (evaporators,  crystallizers,  centrifuges,  etc.). 

Production  of  Potassium  Nitrate  from  Diluted  Nitric  Acid  and  Solid 
Potassium  Chloride 

The  raw  material  used  is  45-50%  nitric  acid  and  solid  potassium 
chloride.  The  process  of  KNOj  .production  occurs  in  a  reactor  with 
mixer  at  20-30*C.  When  potassium  chloride  breaks  down  by  nitric  acid, 
reaction  (11-17)  occurs.  The  hydrochloric  acid  that  is  formed  in 
this  case  and  the  surplus  of  nitric  acid  are  neutralized  by  ammonia. 

When  nitric  acid,  potassium  chloride,  wash  waters  (see  below) 
and  mother  liquors  containing  KNO^  and  NH^Cl  are  loaded  into  the 
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i.  reactor,  the  duraction  of  the  process  is  about  1  h.  In  the  reactor, 

,  2/3  of  the  potassium  nitrate  of  its  formed  quantity  is  precipitated, 

1/3  is  released  from  the  mother  liquors  during  their  cooling. 

For  more  complete  conversion  of  KC1  into  potassium  nitrate, 
a  concentration  of  chlorine  ions  must  be  maintained  in  the  reaction 
solution  on  the  level  of  170  g/l.  The  concentration  of  chlorine  in 
the  solution  is  regulated  by  adding  steam  condensate  or  mother 
liquor  and  wash  water  to  the  reactor. 

> 

At  the  end  of  the  process  of  conversion,  the  suspension  of 
potassium  nitrate  crystals  in  the  mother  liauor  is  transferred 
from  the  reactor  into  the  intermediate  collector  with  mixer.  At 
the  same  time,  cooled  slurry  comes  from  the  vacuum-cooling  unit.  It 
consists  of  1/3  potassium  nitrate  particles  that  precipitated  out 
from  the  mother  liquors  .  The  mixture  of  KITO^  crystals  and  mother 
p  liquor  is  further  pumped  into  the  Nutsch  filter  for  separation  of 

the  salt  from  the  liquid.  The  filter  salt  is  poured  over  with  a  weak 
solution  of  caustic  soda  and  then  washed  with  water.  The  salt  is 
dried  in  a  drying  drum  at  105-115°C. 

The  wash  waters  are  sent  to  a  separate  collector ,  from  which 
they  are  returned  to  the  reactor.  The  mother  liquors  after  sepa¬ 
ration  of  the  salt  on  the  Nutsch  filter  are  sent  for  cooling  in  the 
vacuum- coo ling  units.  Here  the  mother  liquors  are  cooled  by 
self-evaporation  from  30  to  minus  5-7®C. 

\ 

The  cooled  solutions  which  contain  a  suspension  of  precipi¬ 
tated  salt ,  from  the  evaporator  unit  are  poured  into  a  collector 
from  which  they  are  pumped  into  the  salt-separator.  The  crystals 
^  with  small  quantity  of  mother  linuor  are  sent  from  here  through 

the  intermediate  collector  for  reprocessing  into  commercial -grade 
potassium  nitrate. 

'  The  notner  and  wash  liquors  that  are  accumulated  in  different 

stages,  after  neutralization  by  ammonia,  are  reprocessed  into 
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crystalline  ammonium  chloride.  These  solutions  are  evaporated  in 
evaporators  with  extension  chambers.  The  precipitate  of  ammonium 
chloride  that  is  released  in  the  process  of  evaporation  is 
separated  from  the  mother  liquor  in  Nutsch  filters. 

The  mother  liquors  ("final  alkalis")  and  wash  waters  (after 
washing  of  the  ammonium  chloride  crystals)  are  sent  to  the  reactor. 
The  crystalline  ammonium  chloride  enters  the  shop  for  the  production 
of  mixed  nitrogen-containing  fertilizers.  A  total  of  0.645  T  of 
ammonium  chloride  are  obtained  per  It  of  generated  potassium  nitrate. 

v 

the  NH^Cl  content  in  the  product  does  not  exceed  90%. 

The  consumption  coefficients  for  1  t  of  of  commercial-grade 
potassium  nitrate  (without  consideration  for  the  outlays  for  ammonium 
chloride) : 


Potassium  chloride  (98%  KC1) ,  U  0.803 

Nitric  acid  (100%  HN03)  ,  T  0.700 

Steam  (7,atm.),  Tf  5.2 

Water,  nr  140 

Electricity,  kw  x  h  220 


According  to  another  version  of  this  method,  potassium  nitrate 
is  produced  as  follows  (fig.  11-42).  A  quantity  of  56-58%  nitric 
acid  (surplus  of  15%  HNO^  as  compared  to  the  stoichiometric  quantity) 
as  well  as  the  wash  waters  and  the  mother  liquors  from  the  previous 
operations  (see  below)  are  poured  into  reactor  1  that  is  a  cylindri¬ 
cal  vessel  lined  with  a  double  layer  of  diabase  plate.  Then  elevator 
2  feeds  into  the  reactor  individual  portions  of  solid  potassium 
chloride,  and  live  steam  and  compressed  air  for  heating  to  75-85°C 
and  mixing  of  the  solution.  During  the  first  hour  of  the  reaction, 
the  breakdown  of  potassium  chloride  occurs  comparatively  rapidly, 
then  the  rate  of  decomposition  slows  down.  The  process  is  completely 
finished  in  4  h.  The  water  vapors,  hot  air  and  gases  (mainly  N0C1) 
that  is  released  in  the  reaction  is  sucked  out  of  the  reactor  by  an 
air  injector  and  sent  for  reprocessing  (not  described  here). 

The  solution  obtained  in  the  reactor  which  contains  450-520 


g/l  of  KNO^  .  35-65  g/l  of  HNO^  and  120-140  g/L  of  HC1 r  is  separated 
from  the  mechanical  contaminants.  Then  the  clarified  solution  enters 


Figure  11-42.  Plan  for  Production  of  Potassium 
Nitrate  by  Direct  Method  from  Diluted  Nitric  Acid 
and  Solid  Potassium  Chloride 

Key: 

1 .  Reactor 

2.  Elevator  for  KC1  supply 

3.  Crystallizer 

4 .  Air  cooler 

5.  Air  compressor 
6,18.  Centrifuges 

7.  Collector  of  mother  liquors 

8.  Elevator  for  supply  of  KNO- 

9 .  Dryer  J 

10.  Cyclone 

11 .  Collector  of  wash  water  (neutralizer) 

12.  Pressure  tank  for  wash  water 

13.  Separator 

14.  Evaporation  chamber  of  evaporator 

15.  Boiler  of  evaporator 

16.  Worm  crystallizer 

17 .  Bin 

18.  Centrifuge 

19.  Collector  of  secondary  mother  liquors 

20.  Steam-gas  mixture 

21 .  Air 

22.  Live  steam 

23.  Steam 

24 .  Solution 


crystallizer  3  where  it  is  cooled  to  25-30°C  bv  air  that  is  pre¬ 
cooled  to  8-10°C  in  apparatus  4.  The  mixture  of  crystals  with  mother 
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liauor  (90-110  g/1  KN03,  20-40  g/l  HNO3 ,  70-80  g/i  HC1)  enters 
from  the  crystallizer  to  the  diabase-lined  trough  (not  shown  in  the 
figure).  Here  a  large  part  of  the  solution  is  separated  from  the 
KNO3  crystals  which  are  further  washed  with  water  and  in  the  form  of 
an  aqueous  suspension  enter  the  rubberized  centrifuge  6  where  they 
are  additionally  washed  of  the  chloride  admixtures. 

The  salt  is  loaded  from  the  centrifuge  into  a  cart,  from 
which  it  is  fed  by  elevator  8  into  the  drying  drum  9 ,  then  sent  for 
packaging. 

If  it  is  necessary  to  produce  technical-grade  potassium  nitrate, 
the  salt  is  doubly  recrystallized. 

The  wash  water  that  contains  a  certain  quantiy  of  HC1  and  HNO^ 
is  neutralized  in  collector  11  by  a  solution  of  potassium  hydroxide 
and  enters  for  evaporation  in  apparatusl4  and  15.  The  evaporated 
solution  is  sent  for  crystallization  in  cooling  worm  16.  The 
potassium  nitrate  crystals  that  are  precipitated  here  are  separated 
from  the  mother  liquor  in  centrifuge  18.  Part  of  the  mother 
liquor  is  returned  to  the  reactor ,  the  remaining  is  removed  from 
the  cycle. 

According  to  another  version,  the  mother  liquors  are  neutra¬ 
lized  by  ammonia  and  evaporated.  In  this  case,  a  mixed  fertilizer 
is  obtained  with  various  ratios  of  KNO3,  NH^Cl  and  KC1. 

The  output  of  potassium  nitrate  according  to  the  ^described 
version  of  the  method  does  not  exceed  70-75%. 

A  />  A  /•  I 

Production  of  Potassium  Nitrate  by  Method  of  Cation  Exchange^  ’  * 

The  USSR  has  developed  a  method  for  producing  potassium  (sodium) 
nitrate  by  the  method  of  cation  exchange  using  concentrated  original 
solutions  and  domestic  ionites,  for  example,  of  brand  XU-1  (Espatite) 
and  others.  The  original  raw  material  in  this  process  is  45-47% 
nitric  acid,  wastes  of  limestone  (rubble) ,  and  potassium  chloride. 
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Figure  11-43.  Effect  of  Concentration  of 
Saturated  Solution  on  Quantity  of  Calcium 
Absorbed  by  Cationite  KU-1 

Key : 

1.  Quantity  of  absorbed  calcium,  g-equiv/ 
kg  of  dry  resin 

2.  Concentration  of  equilibrium  solution, 
g-equiv. /t 

The  majority  of  researchers  view  the  interaction  with  ions  of 
dissolved  substances  as  a  chemical  reaction  of  double  exchange  which 
is  subordinate  to  the  law  of  mass  action,  with  certain  deviations. 

During  the  exchange  of  two  equivalent  ions  ,  the  quantity  of 
each  ion  that  is  absorbed  by  the  ionite  changes  little  during  dilu¬ 
tion  of  the  equilibrium  solution  of  salts  ,  and  changes  significantly 
if  the  exchanging  ions  are  equivalent.  In  the  latter  case,  the  degree 
of  sorption  of  the  ion  of  high  valency  increases  with  dilution  of  the 
equilibrium  solution. 

Thus  ,  with  a  change  in  the  concentration  of  solutions  of 
calcium  nitrate  from  5.5  to  1.5  g-equiv/1,  the  quantity  of  calcium 
that  is  absorbed  by  cationite  KU-1  considerably  increases  (fig.  II- 
43).  It  follows  from  here  that  with  high  concentrations  of  the 
original  solution  of  calcium  nitrate  even  on  the  cationites  that  have 
comparatively  low  exchange  capacity ,  a  fairly  high  degree  of  con¬ 
version  of  Ca(N02>2  into  potassium  nitrate  can  be  attained. 

64 

These  and  certain  other  laws  governing  ion  exchange  were 
used  in  developing  the  process  of  obtaining  Commercial-grade  potas¬ 
sium  nitrate  from  solutions  of  calcium  nitrate  and  potassium  chloride. 

The  reactions  that  occur  during  cationization  are  schematically 
described  by  the  following  equations : 

2K(cationite)  +  CaCNO^^  “  Ca  (cationite)  +  2KNO2  (11-22) 

Ca  (cationite)  +  2KC1  *  2K  (cationite)  +  CaC^  (11-23) 


When  solutions  of  potassium  nitrate  are  obtained  by  the 
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method  of  cation  exchange  ,  initially  a  solution  of  potassium  nitrate 
is  prepared  (from  limestone  rubble  and  weak  nitric  acid)  and  a 
solution  of  potassium  chloride.  After  purification  from  mechanical 
admixtures  on  frame  filter  presses  ,  these  solutions  are  sent  to  the 
cationite  reactors  where  exchange  of  ions  occurs. 

This  reactor  (fig.  11-44)  is  a  cylindrical  steel  unit  with 
spherical  bottom  and  cover.  The  apparatus  is  lined  on  the  inside 
xtfith  an  anticorrosion  coating.  The  reactor  is  filled  with  cationite 
almost  the  entire  height  (with  grains  of  size  1-2  mm) .  Within  the 
reactor  there  is  a  lower  and  upper  distribution  device  that  is 
designed  for  uniform  supply  to  the  cationite  of  solutions  of  salts 
and  water,  and  to  prevent  removal  of  the  grains  of  cationite  by 
the  liquid  stream. 

Figure  11-44.  Cationite  Reactor 

1.  Connection  pipe  for  supply  of  solutions 
to  lower  distribution  device 

2.  Bottom,  poured  concrete 

3.  Lower  distribution  device 

4.  Layers  of  crushed  quartz  (quartz  "pillow") 

5.  Manhole 

6.  Cationite 

7.  Upper  distribution  device  with  caps 

8.  Connection  pipes  for  outlet  of  solutions 


The  process  of  cationization  is  separated  into  two  cycles: 
charging  of  the  cationite  (regeneration)  and  production  of  production 
solutions  (conversion). 

In  the  charging  cycle,  the  solution  of  potassium  chloride  is 
sent  through  the  cationite  reactor.  In  the  next  cycle  of  conversion, 
partially  converted  solutions  of  potassium  nitrate  (the  solutions  con¬ 
tain  a  certain  quantiy  of  KNO^)  ,  then  fresh  solutions  of  potassium 


nitrate ,  and  finally ,  water  are  successively  sent  through  the 
cationite.  When  partially  converted  solutions  of  potassium  nitrate 
are  sent  through  the  cationite ,  a  production  solution  is  obtained 
which  contains  about  200  g/1  of  KNO^  and  60-100  g/1  of  CaCNO-j^* 


Figure  11-45.  Plan  for  Process  of  Recrystal¬ 
lization,  Drying  and  Packing  of  Potassium  Nitrate 
Obtained  by  the  Method  of  Cation  Exchange 

Kev: 

*  a  _  —  4  «  -  #  f  I  I  I  v 


1. 

Salt  dissolver  ("steamer") 

2. 

Filter  press  for  purification  of  hot 

solutions 

of  potassium  nitrate  from  mechanical 

admixtures 

3. 

Collector  of  filtered  solutions 

4. 

Pressure  tank 

5. 

Worm-crystallizer 

6. 

Centrifuge 

7. 

Drying  drum 

8. 

Worm 

9. 

Bin 

10. 

Automatic  scales 

11. 

Sewing  machine 

12. 

Conveyer 

13. 

Slurry 

14. 

Steam 

This  solution  is  sent  for  evaporation  and  crystallization  for 
the  production  of  primary  crystals  of  potassium  nitrate.  After  one 
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recrystallization  of  them,  a  product  of- the  first  grade  is  obtained 
(fig.  11-45). 


After  separation  of  the  primary  salt,  the  liquor  solutions  are 
united  with  the  partially  concentrated  solutions  of  CaCNO^^*  and 
after  separation  of  the  finished  (commercial-grade)  product,  the 
mother  liquors  are  added  to  the  production  solutions . 

All  further  stages  in  reprocessing  of  the  production  solutions 
into  crystalline  potassium  nitrate  are  done  according  to  standard 
salt  technology.  The  spent  solutions  of  potassium  chloride  are 
removed  from  the  production  cycle. 

The  process  of  obtaining  potassium  nitrate  by  the  method  of 
cation  exchange  is  simple  in  technology  and  design.  This  method 
is  distinguished  by  a  number  of  advantages  over  the  conversion  and 
other  methods  of  producing  KHO^  (scarce  raw  material  is  not  required, 
the  outlays  of  steam  are  lower ,  part  of  the  apparatus  can  be  made 
of  ferrous  metals,  etc.). 

Currently  in  the  USSR  and  abroad ,  the  method  of  cation  exchange 
is  only  used  in  the  production  of  potassium  nitrate  for  the  produc¬ 
tion  of  a  technical-grade  product.  A  study  is  being  made  of  the 
possibility  of  using  this  method  for  the  production  of  potassium 
nitrate  that  is  designed  for  use  as  a  fertilizer. 

The  consumption  coefficients  for  1  X  of  potassium  nitrate 
obtained  by  the  method  of  cation  exchange: 


Nitric  acid  (100%  HN0~)  ,  T  0.75-0.80 

Potassium  chloride  (98%  KC1)  ,  T  1. 0-1.1 

Limestone (wastes)  ,  T  0.8- 0.9 

Slaked  lime  ,  kg  6-8 

Steam,  (7  atm.),  T  6-6.5 

Water,  nr  125-140 

Electric  power,  kW»h  130-150 


The  losses  of  cationite  (wear)  during  a  year  of  operation 
does  not  exceed  3-4%  of  its  initial  quantity. 
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2  28  S6 

Neutralization  Method  of  Potassium  Nitrate  Production  ’ 

The  process  of  producing  potassium  nitrate  by  this  method 
consists  of  two  basic  stages:  1)  absorption  of  nitric  oxides  from 
waste  nitrous  gases  by  solutions  of  potassium  hydroxide  or  potash; 
2)  inversion  (oxidation)  of  potassium  nitrate  formed  in  solutions 
of  alkaline  absorption  into  potassium  nitrate  (R.  p.  54). 

In  certain  cases,  the  potassium  nitrate  is  obtained  by  direct 
neutralization  of  solutions  of  potassium  hydroxide  or  potash  by 
diluted  (weak)  nitric  acid. 

The  potassium  hydroxide  or  potash  used  as  the  raw  material 
contains  a  lot  of  admixtures ,  therefore ,  in  order  to  obtain  a 
sufficiently  pure  potassium  nitrate ,  we  have  to  recrystallize  the 
primary  ("raw")  salt. 

The  solution  of  potassium  hydroxide  that  is  used  in  this 
method  of  production  of  potassium  nitrate  (melted  solid  KOIJ  is 
used  less  often),  contains  600-750  g/1  of  KOH,  4-7  g/1  (KCJt  +  NaCl)  , 
6-12  g/1  ,  20  g/1  NaOH  and  other  admixtures.  The  technical- 

grade  potash ,  depending  on  the  method  of  it3  production ,  contains 
from  85  to  97Z  I^CO^  ,  as  well  as  admixtures  of  chlorides  ,  sulfates  , 
etc. 

During  absorption  of  nitric  oxides  by  a  solution  of  potassium 
hydroxide  from  exhaust  nitrous  gases,  the  following  reactions  occur: 

2JC0H+N0fH¥0— 2KNO*+BfO  (11-24) 

2KOH  +  2MO*— KN0*+KN0»+H«0  (II-25) 

In  practice ,  solutions  are  obtained  with  a  ratio  of  potassium 
nitrate  and  nitrite  of  roughly  1:4. 

When  nitric  oxides  are  absorbed  by  solutions  of  potassium 
hydroxide  and  potash,  it  is  very  important  to  maintain  a  small  sur¬ 
plus  of  alkali  in  the  solutions  (30-40  g/t).  With  increased 
alkalinity ,  the  ceramic  attachment  of  the  absorption  scrubbers  is 
rapidly  destroyed  and  the  solutions  are  contaminated  with  gel-like 
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admixtures  of  silicates. 

The  solutions  that  are  obtained  as  a  result  alkaline  absorption 
contain:  350-400  g/l  of  KNC>2  ,  80-90  g/t  KN03 ,  2-3  g/l  of  K2C03, 
admixtures  of  chlorides,  sulfates,  etc. 

The  process  of  inversion  of  nitrite-nitrate  solutions  (alkalis) 
or  direct  neutralization  of  the  alkali  nitric  acid  should  be  done 
with  a  small  surplus  of  HNO^  (30  g/l).  Otherwise ,  the  inverters 
and  neutralizers  made  of  stainless  steel  rapidly  malfunction  as  a 
consequence  of  intensified  corrosion  of  the  welded  seams  (in  the  more 
acid  medium,  the  chlorides  present  in  the  solution  form  HC1  and  NOC1 , 
which  rapidly  destroy  the  welded  seams  at  70-80°C). 

The  inverted  solutions  of  potassium  nitrate  are  purified  of 
mechanical  admixtures  by  filtering  on  a  frame  filter  press  (filter 
cloth- -belting)  ,  after  which  they  are  sent  for  evaporation.  A  small 
quantity  of  ammonium  nitrate  is  sometimes  added  preliminarily  to  the 
solutions  to  destroy  the  admixturs  of  nitrites'  and  carbonates  of 
potassium  (p.274  ). 

The  solutions  of  potassium  nitrate  are  concentrated  in  vacuum 
evaporators  that  operate  at  a  vacuum  of  500-550  mm  Hg.  The  solutions 
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that  have  been  evaporated  to  density  of  1.5-1. 6  g /cm  enter  the  worm 
crystallizer  that  is  cooled  by  water.  The  crystals  that  precipi¬ 
tate  here  at  a  temperature  of  35-45°C  are  separated  on  a  centrifuge 
and  exposed  to  recrystallization  according  to  the  standard  salt 
technology. 

After  several  cycles  of  reprocessing  the  solutions  of  potas¬ 
sium  nitrate  ,.  a  large  quantity  of  admixtures  (chlorides,  sxilfates , 
carbonates,  etc.)  is  accumulated  in  the  mother  liquors.  Consequently, 
it  is  impossible  to  obtain  a  product  that  corresponds  in  quality 
to  the  potassium  nitrate  of  first  grade  even  after  two  recrystalli¬ 
zations  of  salt.  These  mother  liquors  have  to  be  removed  from  the 
production  cycle  and  processed  separately  into  fertilizer- 


The  consumption  coefficients  for  1  IT  of  potassium  nitrate  of 
the  first  grade  that  is  obtained  by  neutralization  method: 


Nitric  acid  (100%  HN03) ,  t 
Potassium  hydroxide  (100%  KOH) ,  V 
Electricity,  lew  x  h 
Steam,  t. 

Water ,  nr 


0.85-0.9 

0.73-0.85 

105-115 

8-8.5 

110-125 


Use  and 


of  Potassium  Nitrate 


Potassium  nitrate  is  used  in  many  branches  of  industry  and 
agriculture. 

The  product  of  first  grade  is  included  in  certain  powders  and 
pyrotechnic  compositions.  Potassium  nitrate  is  widely  used  in  the 
food  industry  to  preserve  meat  and  other  products  ,  and  in  metallurgy 
to  harden  metals,  etc. 

Potassium  nitrate  is  a  valuable  inert  material-free  fertilizer 
which  simultaneously  contains  two  nutrients,  nitrogen  and  potassium 
(13.85%  nitrogen,  46.58%  t^O).  They  are  practically  nonhygroscopic 
and  do  not  cake.  As  a  consequence  of  the  high  cost,  potassium 
nitrate  is  still  only  put  under  garden  and  flower  crops ,  and  in 
small  quantities  under  citrus  crops  and  tobacco.  Potassium  nitrate 
is  packed  in  five-layer  kraft-pulp  bags  impregnated  with  bitumen- 
motor  oil  mixture.  The  bag  with  salt  weighs  40-45  kg-rf  (net). 

The  quality  of  the  potassium  nitrate  (GOST  1949-65)  must 
correspond  to  the  following  indicators: 

Indicators  Grade 


KNO-  content  in  conversion  for  dry 
product,  %,  no  less. 

Moisture  content, %,  no  more 
Admixtures ,% ,  no  more 
chlorides  (in  conversion  for  NaCl) 

carbonates  (in  conversion  for  K«C03) 
residue  insoluble  in  water  1  J 
substances  oxidized  by  KMnO,  (in 


not 

normed 
the  same 


conversion  for  KN0o) 

0.01 

Not  normed 

salts  of  potassium‘"and  man¬ 
ganese  (in  conversion  for  Ca) 

0.02 

0.025 

not  normed 

Note:  Potassium  nitrate  that  is  intended  for  production  of  powders 

must  contain  no  more  than  0.002%  salts  of  potassium  and  manganese. 


4.  Sodium  Nitrate  and  Nitrite 


Sodium  nitrate,  NaNO^,  has  the  appearance  of  a  colorless, 
transparent  crystals  (grayish  or  yellowish  hue  is  permitted) .  The 
density  of  sodium  nitrate  is  2.257  g/cm  at  30°C  and  2.265  g /cm  at 
20  °C.  The  melting  point  of  pure  NaNO^  equals  309. 5 °C.  At  380°C, 
this  salt  is  broken  down  into  sodium  nitrite  and  oxygen.  The  heat 
of  formation  of  solid  sodium  nitrate  from  simple  substances  is 
111.25  kcal/mole. 

Sodium  nitrite ,  NafK^  ,  is  colorless  or  slightly  yellowish 
crystals  of  a  rhombic  system.  The  density  is  2.17  g/cnr  at  20°C. 

The  melting  point  is  271 °C.  The  heat  of  transformation  of  solid 
sodium  nitrite  from  simple  substances  equals  88.3  kcal/mole. 

Data  on  the  solubility  of  sodium  nitrite  and  nitrate  in  water 
are  given  in  tables  11-39  and  11-40. 

The  polytherm  of  solubility^®  of  the  system  NaNO^-NaNt^-t^O 
is  shown  in  fig.  11-46,  and  the  viscosity  of  aqueous  solutions  of 
sodium  nitrate — in  fig.  11-47. 

The  heat  conductivity  x  of  aqueous  solutions  of  sodium  nitrate 
at  32°C  is  presented  below: 

Concentration  of  NaNOo,  weight. %  44  40  22  20 

X,  cal/(cm  x  s  x  deg)-3  0.0013  0.0014  0.0014  0.0014 

The  joint  solubility  of  NH^NOj  and  NaNOj  in  water  is  shown  in 
table  11-41 ,  and  the  pressure  of  vapors  above  the  aqueous  solutions 


TABLE  II- 39.  SOLUBILITY  OF  NaNO~  IN  WATER  (In  g/100  g 
of  water)  J 
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Key: 

1.  Temperature  ,°C 

2.  Solubility 

3.  Solid  phase 

4 .  Ice 

5.  Eutectics 
* 

Boiling  point  of  solution  at  736  mm  Hg. 


TABLE  11-40.  SOLUBILITY  OF  NaN0~  IN  WATER50 
(in  g/100  g  of  water) 
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Key: 

1 .  Temperature  ,  °C 

2.  Solubility 

3.  Solid  phase 

4 .  Ice 

5.  Eutectics 

Boiling  point  of  solution  at  761.5  mm  Hg. 


of  sodium  nitrates  and  ammonium  nitrates  in  tables  II-42-II-44. 


Methods  of  Production  of  Sodium  Nitrate^5 


Sodium  nitrate  is  extracted  f^am  natural  deposits  and  produced 
by  plant  method  which  is  based  on  the  absorption  of  nitric  oxides 


Figure  11-46.  Polytherm  of  Solubility 
of  NaNO^-NaNC^-I^O  System 


Figure  11-47.  Viscosity  of  Aqueous 
Solutions  of  NaNO^ 

Key: 

1.  Viscosity,  centipoise 

2.  Concentration  of  NaNO^.Z 

by  solutions  of  soda,  or  on  double  decomposition  of  certain  nitrates 
with  other  sodium  salts,  or  on  cation  exchange  (this  method  has  been 
described  in  the  previous  section,  p.  286)-  The  simplest  method 
for  producing  NaNO^  is  neutralization  of  nitric  acid  by  soda  or 
by  sodium  hydroxide  ,  but  it  is  not  used  in  industry  because  of  its 
inefficiency. 


TABLE  11-41.  SOLUBILITY  IN  NH,N0,-NaN0o-H„0  SYSTEM653 
(in  weight. %)  4  J  1  l 
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Key: 

1.  Composition  of  saturated  solution 

2.  Solid  phase 

Note:  The  Roman  numerals  indicate  the  crystalline 
modifications  of  ammonium  nitrate  according  to  table  II-l. 


TABLE  11-42.  PRESSURE  OF  WATER  VAPORS  ABOVE  NON- 
SATURATED  SOLUTIONS  OF  NaNO^  (in  mm  Hg) 
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Key: 

1.  Temperature  ,°C 

2.  Concentration  of  NaNO^,  g/100  g  of  water 
Supersaturated  solutions 
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(continuation  of  table  11-42) 


(continuation  of  table 
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Key: 

1 .  Temperature  ,  °C 

2.  Concentration  of  NaNOo,  g/100  g  of  water 
Saturated  solution 

•k* 

Supersaturated  solution 


TABLE  11-43.  PRESSURE  OF  WATER  VAPORS  ABOVE 
SATURATED  SOLUTIONS65  OF  NaN03 
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Key: 

1.  Temperature,  °C  2.  Pressure,  mm  Hg 


TABLE  11-44.  VAPOR  PRESSURE  ABOVE  AQUEOUS  SOLUTIONS65, 
SATURATED  WITH  NH4N03  AND  NaNO^  (in  solid  phase  for  both  salts) 


Key: 

1.  Temperature  ,°C  2.  Pressure,  mm  Hg 

*Eutectic  point  (79.5 l  NH^N03+20 . 51  NaN03) 
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Production  of  Sodium  Nitrate  by  the  Method  of  Alkaline  Absorption 
of  Nitrous  Gases 

This  is  the  most  popular  industrial  method  of  producing  sodium 
nitrate  and  is  based  on  alkaline  absorption  of  nitric  oxides  from 
exhaust  gases  from  the  production  of  diluted  nitric  acid  'R.  p.  52). 

When  nitric  oxides  are  absorbed  by  a  solution  of  sodium  hydro¬ 
xide  ,  the  reactions  occur 

2N*0H+N0  +  N0t=2N*N0,+  H»0  (11-26) 

2N«OH-f2NO,-NiNO,4-N*NO,+  HiO  <11-27) 

when  it  is  absorbed  by  the  solutions  of  calcined  soda,  the  reactions 

NhCO,-)-  no + NO,-  2N«IVOi+  CO,  (U-28) 

N«*<H+2NO»-N»NO,+  N«NO.+CO,  (11-29) 

The  solutions  that  are  obtained  as  a  result  of  the  alkaline 
absorption  of  nitrous  gases,  nitrite-nitrate  alkalis,  are  reprocessed. 
Its  plan  is  shown  in  fig.  11-48.  The  ratio  between  sodium  nitrate 
and  nitrite  in  the  alkalis  depends  on  the  temperature  and  the  degree 
of  oxidation  of  the  nitrous  gases. 

A  sample  composition  of  "raw"  nitrite-nitrate  alkalis  after 
alkaline  absorption : (in  g/i): 

NaNO~  320-350  NaCl  2-4 

NaNCK  To  50  H-O  850-820 

NaHC03+Na2C03  10-15 

The  solution  that  is  filtered  out  on  filter  press  4  enters 

inverter  6  of  batch-type  or  continuous  action.  Here  conversion (in- 

68 

version)  of  the  sodium  nitrite  into  sodium  nitrate  occurs. 

The  process  of  NaN02  inversion  into  NaN03  occurs  when  the 
solution  is  treated  with  a  weak  nitric  acid: 
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3\'a\’0*  +  2HN'Oi=3NaNOs  +  2N0  4-  H;0  —  7.93  kcal  (M-30) 


Figure  11-48.  Plan  for  Production  of  Sodium  Nitrate  from 
Nitrate-Nitrite  Alkalis 

Key:  1.  Reception  tank 

2.  Centrifugal  pumps 

3.  Preheater 

4.  Filter  press 

5.  Collector  of  filtered  solutions 

6 .  Inverter 

7.  Collector  of  inverted  solution 

8.  Pressure  tank 

9.  Evaporator  of  first  stage. 

10.  Evaporator  of  second  stage 

11.  Traps 

12.  Worm  crystallizer 

13.  Centrifuge 

14.  Drying  drum  • 

15.  Barometric  condenser 

1 6 .  Vacuum-  pump 

17.  Cyclone 

18.  Barometric  container 

19.  Scrubber  for  trapping  NaNO,  dust  from  drying  drum 

20.  Fan  J 

21 .  Solution 

22.  Nitric  oxides  toi  absorption 

23.  Air 

24 .  Condensate 

25.  Water 

26.  To  atmosphere 

27.  NaNO*  solution  to  evaporation 

28.  Dust"3 

29.  NaNOo  to  packing 

30.  Steam 

In  order  for  the  process  of  inversion  to  occur  with  the 
greatest  completeness ,  the  nitric  acid  is  dosed  in  the  inverter  in 
such  a  quantity  that  its  concentration  in  the  solution  at  the  end  of 


the  reaction  is  roughly  1.5%.  Inversion  occurs  at  80-90°C  and  with 
constant  mixing  of  liquid  in  the  unit  with  the  help  of  a  circulation 
pump.  The  solution  in  the  inverter  is  heated  by  saturated  steam 
that  enters  the  coil  located  in  the  lower  part  of  the  apparatus.  The 
inversion  process  (including  loading  and  unloading)  lasts  about  4  h. 

One  should  indicate  that  an  increase  in  temperature  above  the 
indicated  limits  results  in  an  increase  in  the  losses  of  nitric  acid 
and  intensification  of  corrosion  of  the  welded  seams  of  material  of 
xtfhich  the  inverter  is  made.  In  the  nitrite-nitrate  alkalis  that  are 
obtained  during  absorption  of  nitric  oxides  by  a  solution  of 
calcined  salt ,  there  generally  is  a  content  of  sodium  chloride  that 
interacts  with  nitric  acid,  forming  such  aggressive  substances  as 
hydrochloric  acid,  chlorine  and  nitrosyl  chloride: 

3NaCl-f-3HNO,  — ►  3HCl  +  3NaN07 
3HCl-r  UNO*  —  Clj+NOCl  ^-2HtO 
3N»Cl-K,UNO»  — ►  Clt'f  N0Cl  +  2H(0  +  3NaNO, 

The  nitric  oxides  that  are  formed  as  a  result  of  inversion  are 
removed  from  the  solution  by  air  that  is  injected  into  the  inverter 
by  an  air  blower ,  and  further  is  sent  through  a  trap  for  reprocessing 
in  the  absorption  section  for  the  production  of  diluted  (weak) 
nitric  acid.  The  nitric  oxides  contain  admixtures  of  chlorine  and 
its  compounds  (see  above),  therefore  in  the  nitric  acid,  whose  con¬ 
centration  corresponds  to  roughly  25-30%  HNO^ ,  chlorine  is  accumulated. 
As  a  consequence ,  this  solution  has  a  strong  corrosive  effect  on  the 
equipment.  Therefore,  as  1.5-2  g/1  of  chlorine  are  accumulated  in  the 
nitric  acid,  it  needs  to  be  removed  from  the  appropriate  plate  of  the 
absorption  column.  The  removed  acid  is  further  used  in  the  production 
of  ammonium  nitrate. 

At  the  end  of  the  inversion  process  ,  the  solution  is  neutra¬ 
lized  by  soda ,  then  the  neutralized  solution  which  contains  40-50% 

2 

NaNOj.  is  sent  at  temperature  40-60°C  for  evaporation.  Evaporation 
of  solutions  of  sodium  nitrate  usually  uses  a  two-housing  unit  that 
operates  in  a  vacuum.  The  evaporator  9  of  the  first  stage  is  heated 
by  live  steam  (pressure  6-8  atm).  In  the  evaporation  zone,  the 


pressure  of  the  liquor  steam  is  1.3-3  atm.  Housing  10  of  the  second 
stage  is  heated  by  liquor  steam  that  comes  from  the  first  housing. 

A  vacuum  to  600  mm  Hg  is  maintained  in  the  evaporation  zone. 

Evaporation  occurs  in  steel  or  pig  iron  evaporators  of  the 
vertical  type  with  central  circulation  pipe  or  with  extension  heating 
chamber.  When  one  of  the  units  stops  for  repair  or  cleaning,  the 
evaporator  can  operate  as  one-housing.  In  this  case,  heating  steam 
with  pressure  of  6-8  atm.  is  fed  into  the  evaporator,  and  vacuum  of 
600  mm  Hg  is  maintained  in  the  evaporation  zone. 

The  solution  is  evaporated  to  the  condition  of  a  suspension  in 
which  the  total  content  of  NaNO^  is  roughly  75%.  In  this  case,  the 
solution  contains  62%  sodium  nitrate.  Its  remaining  quantity  is  in 
a  suspended  state  in  the  form  of  crystals. 

The  liquor  steam  that  emerges  from  the  evaporator  of  the  second 
stage  is  condensed  in  barometric  condenser  15.  The  uncondensed  gases 
with  the  help  of  vacuum-pump  16  are  removed  into  the  atmosphere.  The 
steam  condensate  is  used  in  the  boiler  plant  or  to  obtain  a  soda 
solution ,  or  to  warm  up  the  solutions . 

From  the  evaporator,  the  suspension  enters  the  pig  iron  worm 
crystallizer  12  of  batch-operation  with  water  sleeve.  Here  when  the 
suspension  is  cooled  to  40-45°C,  further  crystallization  of  the  salt 
occurs.  The  NaNO^  crystals  are  separated  from  the  solution  in  the 
continuously  operating  centrifuge  13  with  automatic  unloading  of  the 
salt.  The  mother  liquor  from  the  centrifuge  is  combined  with  the 
inverted  solution  that  is  sent  for  evaporation. 

After  the  centrifuge  ,  the  wet  crystals  of  sodium  nitrate  enter 
the  rotating  drying  drum  14  where  they  are  dried  by  air  heated  to 
100°C  until  they  contain  1.5-2%  moisture.  The  drying  drum  is 
rotated  at  a  rate  of  5  rpm.  The  dried  sodium  nitrate  is  sent  for 
packing . 


In  order  to  trap  the  sodium  nitrate  dust,  the  air  from  the 
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drying  drum  is  sent  to  cyclone  17  where  a  large  part  of  the  dust 
is  settled  out.  It  is  unloaded  and  joined  with  the  dried  salt.  The 
dust  that  did  not  settle  in  the  cyclone  is  trapped  in  scrubber  19  that 
is  sprinkled  by  a  continually  circulating  solution  of  sodium  nitrate. 
As  the  concentration  of  the  solution  rises ,  it  is  removed  for  evapora¬ 
tion.  The  air  is  suctioned  from  the  scrubber  by  fan  20  and  removed 
into  the  atmosphere. 

When  1  T  of  sodium  nitrate  (100%  NaNO-j)  is  obtained,  the  fol¬ 
lowing  quantities  of  raw  material  and  energy  are  consumed: 


Nitric  acid  (100%  HNO,)  ,  X 
Soda ,  T 

Saturated  steam  (8  atm.),  X 
Water ,  nr 

Electricity ,  kw  x  h 


0.455 

0.03 

2.5 

65 

120 


The  wastes  from  production  of  1  T  of  NaNO^  are  0.38  T  of  nitric 
oxides  (in  conversion  for  HNO^)  sent  for  absorption. 


Conversion  Method  of  Sodium  Nitrate  Production 


Sodium  nitrate  can  also  be  obtained  from  reactions  of  double 
decomposition: 


Ca(NU3)j-h  NB*Sr»4  =  2NaNOs '-C3SO«  (1130a) 

C»(NOj)*4-  ZNaCl «-  £MaNOa4  CaClj  (11-31) 

NH*NOj  4-NflCl  — NaNOj  +  NH«Cl  (11-32) 

2NIf«NO*+  NatCO*  -2N»NOs4  (NH«)«CO,  (11-33) 


etc. 


Each  of  these  reactions  has  specific  features.  Thus,  when 
double  decomposition  occurs  between  calcium  nitrate  and  sodium  sul¬ 
fate,  a  surplus  of  calcium  nitrate  is  necessary.  Part  of  it  enters 
the  composition  of  the  product  and  makes  it  hygroscopic. 

The  precipitate  of  gypsum  that  settles  out  in  this  case  results 
in  strong  thickening  of  the  reaction  mass.  So  that  it  remains 
sufficiently  fluid,  the  mass  should  be  diluted  with  a  solution  of 
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sodium  nitrate  after  removal  of  CaSO^ ,  i.e.  ,  part  of  the  solution 
should  be  returned  to  the  reactor. 

The  rate  of  the  process  of  double  decomposition  depends  on 
the  temperature.  For  example,  the  reaction  (11-30)  at  50°C  occurs 
considerably  faster  than  at  70°C.  In  1  h  at  50°C,  the  degree  of 
conversion  reaches  96%,  and  at  70°C  ,  only  11%.  In  order  to  obtain 
a  large-crystal,  easily  filtered  gypsum  precipitate,  a  seed  crystal 
(crystalline  gypsum)  is  introduced  into  the  reactor. 

Production  of  Sodium  Nitrite 

One  of  the  methods  for  producing  sodium  nitrite  is  its  separa¬ 
tion  from  nitrite-nitrate  alkali  until  inversion  of  NaNOj-  In  this 
case,  the  process  of  absorption  of  nitric  oxides  occurs  so  that  alkali 
is  obtained  with  the  greatest  possible  content  of  nitrite  with  the 
least  content  of  sodium  nitrate.  This  is  attained  by  reducing  the 
concentration  of  oxygen  in  the  nitrous  gas  that  enters  for  alkaline 
absorption ,  so  that  at  the  entrance  of  the  gas  into  the  alkali 
towers  ,  the  degree  of  oxidation  of  the  nitric  oxides  contained  in  it 
corresponds  to  the  equimolecular  mixture  (NO  +  NC^) . 

Sodium  nitrite  can  also  be  obtained  from  nitrite-nitrate 
alkalis  that  are  formed  in  a  normal  regime  of  nitric  oxide  absorption 
by  a  solution  of  soda ,  but  with  a  small  change  in  the  plan  for  re¬ 
processing  the  alkali.  In  this  case,  the  "raw"  nitrite-nitrate 
alkali  (p-299  )  is  heated  to  80-90°C  for  conversion  of  the  soluble 
admixtures,  bicarbonates  of  magnesium  and  calcium,  into  insoluble 
carbonates.  Then  the  alkali  is  filtered  or  clarified  by  settling 
and  is  sent  to  the  evaporator  that  is  similar  to  the  unit  used  for 
evaporation  of  the  inverted  solution.  The  evaporation  is  done  at 
118-125°C.  The  NaN02  content  in  the  solution  in  the  evaporator  is 
brought  to  roughly  63%. 

Further  when  the  temperature  of  the  solution  is  dropped  to  40- 
45°C,  in  the  cooling  work,  part  of  the  sodium  nitrite  precipitates 
out.  Complete  separation  of  NaNC^  from  the  solution  in  one  cycle  of 


crystallization  is  impossible.  This  is  apparent  from  the  diagram  of 
solubility  of  the  NaNO^-NaNC^-l^O  system  (see  fig. 

eutonic  solutions  at  any  temperatures  contain  considerable  quantities 
of  sodium  nitrite.  The  crystalline  precipitate  of  NaNC^  is  separated 
on  centrifuges  from  the  solution,  washed  with  steam  condensate  for 
removal  of  the  chlorine  that  is  usually  contained  in  the  water,  and 
dried  in  a  rotating  drum  by  air  that  is  heated  to  100°C. 

The  finished  product,  containing  1.5%  moisture,  goes  for 
packing  and  further  to  the  storehouse. 

The  mother  liquor  which  after  separation  of  the  sodium  nitrite 
crystals  contains  roughly  45%  NaNC^  and  10%  NaNO^  ,  is  sent  together 
with  the  wash  waters  to  the  inverter ,  where  the  sodium  nitrite  is 
oxidized  into  nitrate.  Further  reprocessing  of  the  inverted  solution 
is  done  according  to  the  previously  described  plan  (p.299). 

Use  and  Quality  of  Sodium  Nitrate  and  Nitrite 

Sodium  nitrate  is  a  valuable  physiological  alkaline  fertilizer 
which  contains  16.47%  nitrogen.  It  use  is  most  expedient  on  acid 
soils^’^.  It  is  very  effective  to  put  sodium  nitrate  under  sugar- 
beets  and  especially  under  fodder  beets. 

Sodium  nitrate  is  also  used  in  the  food,  glass  and  metal-working 
industries.  It  is  used  in  the  conversion  method  of  producing  potas¬ 
sium  nitrate  (p.  272)  and  to  produce  certain  other  substances. 

Sodium  nitrate  of  two  grades  are  manufactured.  According  to 
GOST  828-54,  they  must  correspond  to  the  following  requirements: 


Indicators 

1st  grade 

2nd  grade 

NaN0„  content  (in  conversion  for 

dry  substance)  ,  %  ,  no  less 

99 

98 

Moisture  content ,  %  ,  no  more 

1.5 

2.0 

Admixtures ,  % ,  no  more 

substances  insoluble  in  water 

0.1 

Not 

standardized 

chlorides  (in  conversion  for  NaCl) 

0.5 

the 

same 

Sodium  nitrite  and  other  oxi- 

dizable  substances 

0.02 

0.25 
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Technical -grade  sodium  nitrate  is  also  produced  which  con¬ 
tains  94%  NaN03(MRTU  90-45-66). 

Sodium  nitrate  is  packed  in  wooden  dry-packed  boxes  (net  weight 
100-200  kg)  or  in  paper  bituminized  five-layer  bags  (net  weight  40-50 
kg).  The  product  is  stored  in  the  packed  form  in  dry,  covered  rooms. 

Sodium  nitrite  is  mainly  used  in  the  processes  of  diazotization 
(for  example,  in  the  synthesis  of  azo  dyes)  ,  as  well  as  in  the  food 
and  textile  industry,  in  the  production  of  certain  rubber  items  and 
in  medicine.  Sodium  nitrite  is  a  toxic  substance,  therefore  in  its 
production ,  storage  ,  shipping  and  handling  ,  the  appropriate  safety 
measures  should  be  strictly  observed. 

According  to  GOST  6194-52,  two  grades  of  sodium  nitrite  are 
manufactured.  They  must  correspond  to  the  following  indicators: 


Indicators 

1st  grade 

_ 2nd  grade. 

NaN02  content  (in  conversion  for 

dry  substance) ,%  no  less 

Moisture  content ,  %  ,  no  more 

98.5 

96.0 

2.5 

3.0 

Admixtures ,  no  more 

NaNO, 

1.0 

2.5 

substances ,  insoluble  in  water 

0.07 

0.1 

The  product  is  packed  in  wooden  boxes  of  capacity  to  150  1 , 
veneer  drums  and  wooden  containers  with  capacity  of  75-100  1  (the 
packaging  is  lined  from  the  inside  with  water- impermeable  paper)  , 
as  well  as  two  paper  four-layer  bags,  of  which  only  the  outer  must 
be  bituminized.  The  inscription  "Toxic"  is  made  on  the  packaging 
and  the  bags . 

The  solutions  of  sodium  nitrite  which  contain  280±10  g/ir  NaN02 
are  used  in  the  production  of  caprolactam.  According  to  TU  603-176- 
67  the  solutions  designed  for  this  purpose  must  contain  no  more  than 
0.005  g/t  of  iron  admixtures,  no  more  than  7  g/l  NaNO^  ,  no  more  than 
1.4  g/lr  of  chlorine.  The  permissible  content  of  sodium  carbonate  in 
solution  is  15-20  g/i  (presence  of  up  to  15  g/i  NaHC03  is  permitted 


with  the  agreement  of  the  consumer) .  These  solutions  are  shipped 
in  rubberized  aluminum  tanks  or  in  tanks  made  of  stainless  steel. 


5 .  Ammonium  Sulfate 

Physical-Chemical  Properties  of  Ammonium  Sulfate 

Ammonium  sulfate  (NH^^SO^  is  colorless  crystals  of  rhombic 
shape  with  density  of  1.769  g/cm^  (refraction  index  1.5230).  The 
content  of  nitrogen  in  chemically  pure  ammonium  sulfate  equals  21. 2Z. 

Certain  indicators  of  the  physical -chemical  properties  of 
ammonium  sulfate  are  presented  below: 


Molecular  weight  . 

132.139 

Bulk  density,  T/mJ 

0.7 

Melting  point ,  °C 

Molar  heat  capacity  at  10°C  cal/ 

513  (with  decompo¬ 
sition) 

(mole  x  deg) 

Heat  of  formation,  kcal /mole 

63.92 

from  simple  substances 

281.46 

from  gaseous  ammonia  and  sulfuric  acid 
Heat  of  crystallization  from  aqueous 

65.44 

solution,  kcal /mole 

2.6 

When  heated  above  100°C  ,  ammonium  sulfate  is  gradually  broken 
down,  becoming  acid  salt.  At  513°C,  it  is  completely  broken  down 
into  NHg »  I^SO^  ,  SO3  and  H2O.  The  pressure  of  ammonia  above  solid 
(NH^^SO^  at  205°C  equals  0.5  mm  Hg*  at  300°C,  it  is  50.8  mm  Hg. 
Dissolving  of  1  g-equiv.  of  salt  in  1  t  of  water  at  19.6°C  is  accom¬ 
panied  by  absorption  of  about  1  kcal  of  heat.  The  relative  equili¬ 
brium  humidity  of  air  above  the  solution  of  ammonium  sulfate; saturated 
at  30°C  is  79.2 l. 

The  solubility  of  ammonium  sulfate  in  water  is  represented  by 
the  data  in  table  11-45.  The  characteristics  of  its  aqueous  solutions 
are  presented  in  table  II-46-II-50. 
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TABLE  11-45.  SOLUBILITY  OF  (NH4>2S04  IN  WATER65® 


- rrr 

TVMnenfvryt>a 

— « - rjy 

Pacmopi^ 

MOCfb 

nec. 

Tiepaan 

Teinepar^ja 

WC 

Pacraopn^1 

HOCTb 

Bee.  •; 

(*) 

Tiepoen  it  a  aa 

“•» 

17.0) 

15 

4245 

—  10 

28.0  | 

20 

4285 

—15 

36.0  J 

^fn  +  (NH4)tS0« 

25 

4380 

-19 

39.8 

30 

43.75 

-10 

40.5  ) 

^  (intniKi) 

40 

44.70 

(NH^O, 

4185 
41.65  ( 

(NH«)*SO« 

50 

60 

45.8 

470 

to 

42.05  > 

100 

50-8 

Key: 

1.  Temperature , °C 

2.  Solubility,  weight. % 

3.  Solid  phase 

4 .  Ice 

5.  Ice  +  (NH4)2S04 

6.  Eutectics 


TABLE  11-46.  DENSITY  OF  AOUEOUS  SOLUTIONS70  0F 
(NH4)2S04  AT  20°C  (in  g/cm3). 


Kniiaeirrpaoaw) 
(MH.J.SO. 
bcc.  % 

- pr- 

nnoTnocT* 

Kobm^ot 

(NlLiliSOi 
»ec.  % 

lr» 

Onontoerk 

KomttjimM 

(NH,),30, 

»*C.  % 

JSJ~‘ 

njIOTHOCTt 

1 

1  0041 

12 

1,0691 

24 

1.1383 

•» 

1.0101 

14 

1.0RO8 

26 

1  1496 

4 

1.0220 

16 

1.0924 

28 

1.1609 

(> 

1.0338 

18 

1.1039 

30 

11721 

8 

1-0456 

20 

11154 

35 

J.2UUO 

1  0574 

22 

1.2269 

40 

1  2277 

Key: 

1.  Concentration  of  (NH«)2S04,  weight. % 

2.  Density  ' 


The  specific  heat  capacity  c  of  aqueous  solutions  of  ammonium 
sulfate  at  19-51 °C  is  given  below^: 


Concentration  of  (NHA)oS04,  weight. %  3.5  12.8 

c,  cal/(g  x  deg)  4  L  4  0.9633  0.8789 


32.8 

0.7385 


Methods  of  Amro  mvi  urn  Sulfate  Production 


The  basic  industrial  methods  of  ammonium  sulfate  production  are: 


r 


TABLE  11-47.  DENSITY  OF  AQUEOUS  SOLUTIONS  OF 
AT  DIFFERENT  TEMPERATURES71  (in  g/cm3) 


(NH4)2S04 


KotmtMirpa- 

(MU).  SO. 

*ec.  % 

i 

'  T, 

>mi  i'|u«  f ypu. 

K. 

!  i 

j  n> 

I  JO  1 2 3 4 * 

l  j 

|  40  ! 

«»  ! 

■ 

, 

1 

i 

1  *  Ml 

1 

t 

1,0058 

1,0015 

0.008O 

0,9930 

0,9890 

0,07  11 

|  0,9644 

10 

1,0600 

1,0542 

i,osoa 

1,0460 

1,0412 

1,0.104 

1  1,0187, 

ill 

1,1186 

1,1117 

1,1077 

1,1033 

1 ,0986 

1 ,08.13 

|  1,0772 

30 

1,1757  ! 

1,1681 

1,1640 

1,1597 

1,1550 

1.1451 

1,1346 

35 

1,3037  : 

1,1060 

;  1,1010 

1.187C 

1,1829 

1,1731 

j  1,1620 

40 

1,2314  1 

1,2237 

,  1,2196 

1.215.1 

1,2107 

1,2011 

'  1,1010 

45  ! 

_ 

,  _ 

1,2420 

1,2384 

;  1,2200 

;  1,2180 

30 

1 

Key: 

t 

1  1,2568 

t 

i  t 

i 

1.  Concentration  of  (NH,),,SO,  ,  weight. 7. 

2.  Temperature  ,°C  H  L  4 


TABLE  11-48.  PRESSURE  OF  WATER  VAPORS  ABOVE  SOLUTIONS2 
OF  (NH4)2S04  (in  mm  Hg) 


0> 


Ip - 

'‘KOUUOUTpatpM  (NH.J.SO.,  ii  1 IHI  .  but. 


TMaapa- 


rI£* 


•c 

10 

20 

30 

40 

50 

ftO  1 

70 

f 

«<>  | 

!M>  | 

|  I  DU 

0 

4.5 

4.4 

4,2 

4,1 

4,0 

3,9 

I 

:t,s 

s  i 

!  — ~  i 

1 

10 

9,0 

8.7 

8,5  i 

8,3 

8,0 

7,8 

7,6  j 

__  j 

— 

— 

20  | 

17,1 

16,7 

16,2 

15,7 

15,3 

14,8 

14.4  ! 

—  1 

—  ! 

— 

30 

31,1 

30,3 

29,4 

28,6 

27,7 

26,9 

26.2 

|  — 

—  i 

— 

40  ; 

54,1 

52,6 

51,1 

49,6 

48,2 

46,8 

40,5 

44,2 

— 

50 

90,4 

87,9 

85,5 

83,0 

80,6 

78,3 

76,1 

73,9 

— 

60 

146,0 

142,0 

138,0 

134,1 

130,2 

126,5  j 

122,3  ' 

119,4  ; 

— 

70 

228,4 

222,2 

215,9 

209,7 

203,7 

191,8  ! 

192,2  1 

186,7 

— 

— 

80 

347,2 

337,8 

328,3 

318,9 

309,7 

300,8  ; 

292.2  j 

283,2 

276,0 

— 

90 

513,8 

409,9 

485,8 

471,8 

458.2 

445,0 

432,3  J 

420,1  ] 

408,3 

|  — 

100 

742,3 

722,2 

701,9 

681,7 

662,1 

643,7 

624,7 

007,0  j 

1  590,0 

1  mj 

no 

105 0,0 

1021,0 

992,3  ! 

963,8 

936,1 

909,0  1 

883,0 

858,0 

834.0 

\*  811 ,0 

Key : 

1 .  Temperature , 9C 

2.  Concentration  of  (NH^SO^,  g/100  g  of  water 


i 


i 


4 


1)  absorption  by  sulfuric  acid  of  ammonia  contained  in  the  coking 

gas; 

2)  neutralization  of  sulfuric  acid  by  gaseous  synthetic  ammonia; 

3)  treatment  of  gypsum  with  solutions  of  ammonium  carbonate; 

4)  production  from  wastes  of  caprolactam  production. 
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TABLE  11-49.  BOILING  POINT  OF 
AQUEOUS  SOLUTIONS2  0F(NH/)oS0/ 

(at  760  mm  Hg)  ^  2  ^ 

KnimenrpiiiluiV^  TcmicpaTyp.*?^  Kohiloh ipun*(.~';  Tcmim*|'.ii 
(NtLhaO*  KUUOHHil  (NH«)»30«  kiii. t  Mini 

*•10 o  e  tioaiu  'C  <’100  •'  BOAM  o 


- J  * 

1.  (NH^)2S0,  concentration,  g/100  g 
of  water 

2.  Boiling  point, °C 

TABLE  11-50.  VISCOSITY  OF  AQUEOUS  SOLUTIONS72  (NH,)9S0, 
(in  centipoise)  4  z  4 


KoRttOfTpaiMH  (NH.)tSO.,  mg.  % 


i  rMiti»p»Typa 

•o 

!  r»,45 

<■2 

10.!  i 

12.8 

18.75 

31.6 

20 

i  1 088 

1 

1.196 

i 

1455 

2.394 

25 

!  U  942  * 

0.983 

— 

1.08 

144** 

— 

'.() 

i  0.713 

0.725 

0.706 

0-807 

0994 

1.644 

•;q 

i  0.512 

— 

0551 

— 

0.73 

1.203 

■SO 

!  0.395 

1  l 

1 

0424 

0571 

0-927 

1.  Temperature  ,°C 

2.  Concentration  of  (NH^)2SO^,  weight. % 
With  concentration  of  3.2%  (NH/)0SO, 

With  concentration  of  20.9%  (NH^SO^. 

Production  of  Ammonium  Sulfate  from  Ammonia  of  Coking  Gas 


72-74 


Ammonia  that  is  contained  in  coking  gas  in  a  quantity  of  7-10 
g/m2  can  be  reprocessed  into  ammonium  sulfate  by  indirect,  direct  and 
semidirect  methods. 


The  indirect  method  means  that  when  coking  gas  is  cooled,  resin  and 
supernatant  water  are  first  removed  from  it ,  while  the  ammonia  that 
remains  in  the  gas  is  absorbed  by  water  in  the  ammonia  scrubbers.  The 
ammonia  that  is  separated  from  the  obtained  ammonia  water  is  bound 
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by  sulfuric  acid  into  ammonium  sulfate. 

Figure  11-49.  Flowsheet  of  Supernatant  Water 
Reprocessing 

Key: 

1.  Distillation  ammonia-lime  columns 

2.  Fractionating  columns 

3.  Subcolumns 

4.  St earn- ammonia  mixture 

5 .  Water 

6.  Supernatant  water 

7.  Steam 

8.  To  settling  tank 

9 .  Milk  of  lime 


The  direct  method  is  based  on  absorption  of  ammonia  by  sulfuric 
acid  directly  from  the  hot  coking  gas.  Because  of  the  unprofitability 
and  operating  difficulties ,  the  indirect  and  direct  methods  have  not 
been  used  in  industry. 

The  more  economical  semidirect  method  has  become  popular  in  the 
by-product  coke  industry.  It  consists  of  stages  of  primary  gas  cooling 
to  separate  the  resins  from  it ,  reprocessing  of  the  supernatant  water 
formed  during  cooling  of  the  gas ,  with  distillation  of  the  ammonia , 
and  reprocessing  of  the  ammonia  into  ammonium  sulfate. 

Reprocessing  of  the  supernatant  water  consists  of  isolating  the 
ammonia  that  has  been  dissolved  in  the  supernatant  water,  and  breaking 
down  of  ammonia  salts  that  are  formed  during  the  interaction  of  NH^ 
with  the  admixtures  contained  in  the  coking  gas.  Part  of  the  salts 
are  easily  decomposed  during  heating.  In  order  to  break  down  the  salts 
that  are  stable  in  heating ,  the  supernatant  water  is  treated  with 
milk  of  lime. 

\ 

The  plan  for  reprocessing  the  supernatant  water  is  shown  in 
fig.  11-49. 

The  supernatant  water  from  the  pressure  tank  flows  by  gravity 
into  the  upper  plate  part  of  the  ammonia-lime  column  1.  Live  steam 
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is  fed  into  the  lower  part  of  the  column.  The  steam  bubbles  through 
the  layer  of  liquid  on  the  plates .  The  liquid  flows  from  the  upper 
part  of  the  column  into  the  middle  mixing  part ,  is  mixed  with  the  milk 
of  lime  and  is  heated  by  live  steam.  In  this  case  ,  a  large  part  of 
the  ammonia  salts  is  broken  down,  while  the  released  ammonia  together 
with  the  water  vapor  is  distilled  from  the  upper  part  of  the  column. 

The  liquid  that  contains  residues  of  nondecomposed  ammonia  salts  enters 
from  the  mixing  part  of  the  column  into  one  of  the  subcolumns  3  with 
plate  insertion  piece.  Here  the  ammonia  is  distilled  by  live  steam 
and  enters  the  upper  part  of  column  1 .  The  liquid  from  the  lower  part 
of  subcoluran  3  drains  through  the  settling  tank  into  the  sewage  system. 
The  mixture  of  ammonia  and  water  vapors  from  the  upper  part  of  this 
column  enters  the  water  tubular  fractionation  column  2  where  it  is 
cooled  from  100-102  to  95-96°C.  Then  the  steam-ammonia  mixture  which 
contains  8-10  vol.%  of  NH^  is  sent  for  reprocessing  into  ammonium  sul¬ 
fate. 


Reprocessing  of  ammonia  into  ammonium  sulfate.  The  plan  of  this 
process  is  shown  in  fig.  11-50. 

The  coking  gas,  cooled  to  25-30°C  and  purified  of  resin,  enters 
preheater  1  where  it  is  heated  by  spent  steam  to  60-80°C.  The  heated 
gas  is  mixed  with  ammonia  that  is  obtained  during  the  reprocessing 
of  the  supernatant  water ,  and  is  sent  on  bubbling  pipe  5  into 
saturator  4. 

The  gas  is  bubbled  through  a  38%  solution  of  sulfuric  acid.  In 
this  case,  ammonium  sulfate  is  formed: 

2NH,+  H*S0«-(NH4)<80«  (11-34) 

In  the  saturator ,  at  the  same  time  that  sulfate  is  formed ,  pyri¬ 
dine  bases  are  removed  from  the  gas.  They  form  complex  compounds  with 
sulfuric  acid.  They  are  broken  down  at  a  temperature  above  65°  with 
the  release  of  pyridine  that  is  removed  from  the  saturator  together 
with  the  gas . 


312 


Figure  11-50.  Plan  for  Production  of 
Ammonium  Sulfate  by  Semidirect'  Method 

Key : 

1.  Preheater  of  coking  gas 

2.  Acid  trap 

3.  Circulation  tank 

4.  Saturator 

5 .  Bubbling  pipe 

6.  Reception  vessel  for  mother  liquor 

7 .  Horizontal  centrifuge 

8.  Crystal  receiver 

9.  Reserve  collector 

10.  Coking  gas 

11.  Steam 

12.  Ammonium  sulfate 

The  heat  needed  to  evaporate  the  surplus  moisture  from  the  formed 
solution  of  ammonium  sulfate  is  fed  into  the  saturator  with  the  coking 
gas  that  has  been  preheated  in  apparatus  1 . 

At  the  outlet  from  the  saturator,  the  gas  is  sent  to  trap  2  for 
separation  from  the  spray  of  acid ,  then  is  cooled  and  sent  for  further 
use.  When  the  acidity  of  the  solution  in  the  saturator  is  decreased 
to  6-8Z  (which  corresponds  to  the  content  in  it  of  140-170  g/£  of 
fixed  ammonia) ,  crystals  of  ammonium  sulfate  begin  to  be  released  from 
the  solution.  The  formed  slurry  is  pumped  by  centrifugal  pump  into 
crystal  receiver  8.  The  mother  liquor  is  poured  from  the  upper  part 
of  the  crystal  receiver  into  reception  vessel  6  and  is  returned  to  the 
saturator.  The  crystals  of  ammonium  sulfate  continually  enter  from 
the  crystal  receiver  to  centrifuge  7  where  they  are  separated  from  the 
mother  liquor. 

The  centrifuged  ammonium  sulfate  crystals ,  having  moisture  con¬ 
tent  of  about  2Z ,  are  sent  to  the  storehouse  or  for  drying. 
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Figure  11-51.  Saturator  with  Central 
Bubbling  Pipe  and  Extension  Acid  Trap 

Key: 

1.  Connection  pipe  for  outlet  of 
gas  from  saturator 

2.  Central  bubbling  pipe 

3.  Bubbling  hood 

4.  Connection  pipe  for  overflow  of 
mother  liquor  into  circulation  tank 

5.  Pipe  for  removal  of  slurry 

6 .  Mixing  j  et 

7.  Pipe  for  supply  of  mother  liquor 
into  jet 

8.  Pipe  for  input  of  mother  liquor 
from  centrifuge 

9.  Steam 

10.  Gas 

11.  Acid 

12.  Solution 

13.  Slurry 


Part  of  the  solution  continually  circulates  between  the  saturator 
and  tank  3.  Because  of  the  circulation  and  the  continuous  repumping 
of  the  slurry  from  the  saturator  into  the  crystal  receiver  with 
return  of  the  mother  liquor  to  the  saturator ,  a  constant  level  of 
liquid  is  guaranteed  in  it  and  its  thorough  mixing.  The  salt  crystals 
therefore  are  always  in  the  suspended  state  ,  and  the  growth  of 
crystals  occurs  uniformly  in  the  entire  mass  of  the  solution. 


The  content  of  free  sulfuric  acid  in  the  mother  liquor  that  is 
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Figure  11-52.  Circulation  Tank 
Key : 

1.  Vessel  of  hydraulic  gate 

2.  Pipe  for  drainage  of 
solution  from  saturator 

3.  Pipe  for  drainage  of  solution 
from  spray  trap 

4 .  Overflow 


circulating  in  the  saturator  must  be  in  limits  of  6-8%.  When  the 
acidity  drops  (to  1-2%)  ,  larger  crystals  precipitate  out  of  the 
solution.  This  may  cause  clogging  of  the  saturator  with  salt.  In 
this  case,  the  absorption  of  ammonia  from  the  gas  is  also  impaired. 

With  an  increase  in  the  solution  acidity ,  the  solubility;  of  the  ammonium 
sulfate  in  it  increases  and  smaller  crystals  are  obtained.  If  the 
solution  contains  over  11%  acid,  ammonium  bisulfate  NH^HSO^  which  is 
easily  soluble  in  water  is  formed. 

Ammonium  sulfate  with  moisture  content  of  about  2%  cakes  during 
storage.  With  a  decrease  in  moisture  content,  the  product  cakes  to 
a  lesser  degree,  and  with  a  content  of  less  than  0.2%  moisture, 
ammonium  sulfate  practically  does  not  cake. 

Below  is  a  description  of  the  basic  equipment  used  in  this 
process . 

Saturator  (fig.  11-51)  is  a  steel  cylindrical  apparatus  with 
conical  bottom,  lined  on  the  inside  with  acid-resistant  plates  and 
equipped  with  connection  pipes  for  input  and  output  of  reagents , 
solutions  and  slurry.  There  is  a  mixing  jet  6  in  the  lower  part  of 
the  saturator. 

Circulation  tank  (fig.  11-52)  is  made  in  the  form  of  a  vertical 
steel  tank  lined  with  lead  or  acid-resistant  concrete.  Vessel  1 


which  is  present  in  the  tank  and  pipe  2  which  is  almost  lowered  to 
its  bottom  for  drainage  of  the  solution  form  a  hydraulic  gate.  It 
prevents  penetration  of  gas  from  the  saturator  into  the  circulation 
tank.  Acid  from  the  spray  trap  enters  the  tank  on  inner  pipe  3. 

The  crystal  receiver  is  a  vertical  cylinder  with  conical  bottom. 
The  apparatus  is  continually  filled.  The  surplus  of  solution  is 
returned  through  the  overflow  into  the  saturator,  and  the  crystals 
enter  the  centrifuge  through  the  opening  in  the  lower  conical  part. 

With  one-time  loading  of  the  centrifuge  with  250  kg  (counting  on  dry 
product),  the  capacity  of  the  crystal  receiver  is  usually  0.5-0.75  m^. 

Centrifuges .  Centrifuges  of  continuous  operation  are  mainly  used. 
A  rotating  drum,  as  well  as  vibration  drying  transporters  are  usually 
used  as  the  dryers. 

The  consumption  coefficients  for  1  X  of  ammonium  sulfate  obtained 
by  semidirect  method: 

Sulfuric  acid  (100%  R -SO,),  Z  0.732-0.750 

Electricity,  kw  x  h  to  30 

Steam,  X  2.7-6 

Water ,  nH  8 

Production  of  Ammonium  Sulfate  from  Sulfuric  Acid  and  Gaseous  Synthetic 
Ammonia  ' 

There  are  two  known  versions  of  this  method:  liquid  and  dry. 

Liquid  method.  The  plan  of  this  process  is  illustrated  in  fig. 
11-53.  The  initial  raw  material  is  76-98%  sulfuric  acid  and  99% 
gaseous  synthetic  ammonia.  The  reaction  between  them  occurs  in  a  steel 
saturator  1  that  is  lined  from  the  inside  by  sheet  lead.  Above  it 
there  are  two  layers  of  acid-resistant  brick. 

Ammonia  is  introduced  into  the  saturator  in  the  form  of  a  steam- 
ammonia  mixture  (it  contains  roughly  15-20%  NH^)  which  enters  the 
reaction  space  on  two  lead  perforated  oipes  that  are  arranged  on  the 
bottom  of  the  saturator.  In  the  central  part  of  the  bottom  there  is 
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Figure  11-53.  Plan  for  Production  of  Ammonium 
Sulfate  from  Synthetic  Ammonia  and  Sulfuric 
Acid 

Key: 

1 .  Saturator 

2.  Slurry  collector 

3.  Centrifuge 

4 .  Fans 

5 .  Air  preheater 

6 .  Dryer 

7 .  Worm: conveyers 

8.  Steam 

9.  Slurry 

10.  Water 

11.  Mother  liquor 

12.  Air 

13.  Tc  cyclone 

14.  To  warehouse 


an  areaway  on  whose  bottom  there  is  a  ring  steam  pipe  with  holes. 

The  steam  that  emerges  from  it  intensively  mixes  the  pulp.  The  steam 
ejector  that  is  also  placed  in  the  areaway  transfers  to  collector  2 
the  crystalline  slurry  that  then  enters  centrifuge  3. 


The  neutralization  process  occurs  at  atmospheric  pressure  and 
100-110°C.  The  acidity  of  the  slurry  is  maintained  in  limits  of  3.5- 
4.5 %.  Addition  to  the  slurry  of  salts  of  phosphoric  acid 
promote  the  formation  of  large  crystals  of  ammonium  sulfate. 


The  mother  liquor  is  returned  from  the  centrifuge  to  the  satura¬ 
tor,  while  the  centrifuged  ammonium  sulfate  crystals  with  moisture 
content  of  2-3%  are  transferred  to  drum  dryer  6.  After  drying  by  air 
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heated  to  120-150°C.  the  moisture  content  of  the  product  is  diminished 
to  0.09-0.15%.  The  finished  product  contains  about  0.2"  free  sulfuric 
acid. 


The  consumption  coefficients  for  1  f  of  ammonium  sulfate  obtained 
by  the  liquid  method: 


Ammonia  (gas  100%  NH.O  ,  T  0.262 

Sulfuric  acid  (100%  H,S0. )  ,  T  0.75-0.76 

Electricity ,  vy  x  h  z  4  26 

Steam,  T  ^  1.38 

Water  (circulating),  nr  1.35 


Dry  method.  According  to  this  method ,  the  sulfuric  acid  that 
has  been  sprayed  to  a  foggy  state  interacts  with  gaseous  ammonia  in 
the  reaction  chamber.  Because  of  the  reaction  heat,  almost  all  the 
moisture  that  is  introduced  with  the  acid  is  evaporated,  and  ammonium 
sulfate  is  formed  as  a  fine  crystalline  powder  with  very  low  content 
of  moisture  (about  0.1%)  and  free  acid  (to  0.02%).  The  plan  of  this 
process  is  depicted  in  fig.  11-54. 

Sulfuric  acid,  75-77%  ,  is  diluted  with  water  to  a  concentration 
of  68-71%  ,  and  enters  by  gravity  flow  through  sprayer  1  into 

the  conical- shaped  scrubber  2  that  is  lined  with  acid-resistant  plates 
and  is  equipped  with  an  insert  made  of  ceramic  rings.  In  the  scrubber, 
the  ammonia  of  the  exhaust  gases  that  did  not  react  in  chamber  8  is 
absorbed  by  the  acid.  The  gases  freed  of  the  ammonia  are  removed  into 
the  atmosphere ,  the  acid  from  scrubber  2  flows  along  the  fitting  into 
saturator  4  which  has  a  cylindrical  shape  and  is  lined  with  acid- 
resistant  brick.  A  ferrosilide  bubbler  is  installed  in  the  saturator. 
Its  lower  edge  has  a  toothed  shape.  The  ammonia- containing  gases 
that  emerge  from  chamber  8  are  bubbled  through  the  layer  of  acid  in 
the  saturator.  In  this  case,  a  certain  quantity  of  ammonium  sulfate 
is  formed.  The  liquid  that  emerges  from  the  saturator  contains  about 
35%  (NH4)2S04,  45%  H2S04  and  20%  water. 

The  acid  that  is  preheated  to  135-140°C  by  bubbling  gases  in  the 
saturator  enters  through  measuring  tank  3  into  the  jet  tank  5  which 
regulates  the  supply  of  acid  into  reaction  chamber  8,  which  is  a 

318 


Figure  11-54.  Plan  for  Production 
of  Ammonium  Sulfate  by  Dry  Method 

Key: 

1 .  Sprayer  of  acid 

2.  Scrubber 

3 .  Measuring  tank 

4.  Saturator 

5 .  Jet  tank 

6 .  Hood 

7 .  Acid  sprayer 

8.  Reaction  chamber 

9 .  Scraper 

10.  Sprocket 

11.  Worm  convever 

1 2 .  Fan 

13.  Gravity  spouts 

14.  Conveyers 

15.  Acid 

16.  Gas 


steel  cylinder.  The  acid  enters  here  through  ferrosilide  sprayer  7 
and  passes  into  the  foggy  state.  The  ammonia  is  fed  into  the  reaction 
chamber  from  the  collector  on  several  ducts.  Through  the  gap  between 
the  vertical  wall  of  the  chamber  and  the  steel  hood  6  ,  the  ammonia 
enters  above  into  the  chamber  and  is  uniformly  distributed  in  the 
reaction  space.  The  temperature  in  the  chamber  is  maintained  in 
limits  of  200-220°C.  The  fine  crystalline  ammonium  sulfate  formed 
here  settles  on  the  bottom  and  is  moved  to  the  center  by  a  rotating 
scraper  9.  The  crystalline  product  is  transferred  through  a  hole 
in  the  bottom  of  the  chamber  by  a  special  attachment  (sprocket  10) 
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into  closed  worn  conveyer  11.  From  here  it  travels  on  gravity  spouts 
13  to  the  belt  conveyers  14. 

The  ammonium  sulfate  that  is  obtained  by  this  method  has  the 

appearance  of loose  very  dusty  light  oowder  (bulk  density  0.380-0.475 
3 

T/m  ).  This  results  in  high  losses  of  the  product.  As  a  consequence 
of  this  major  shortcoming  of  the  dry  method,  it  has  recently  not  been 
used  industrially. 

The  consumption  coefficients  for  1  f  of  ammonium  sulfate  obtained 
by  the  dry  method: 


Ammonia  (gas  100%  NH-)  ,  T 
Sulfuric  acid  (100%  H^SO.) ,  T 
Electricity,  kw  x  h 
Water ,  m3 


0.260-0.280 

0.750 

18 

1 


Production  of  Ammonium  Sulfate  from  Gvnsum 


2,3 


The  essence  of  this  method  consists  of  processing  natural  gypsum 
by  a  solution  of  ammonium  carbonate: 

OSO«  +  (N I UhCOj  —  (Nil ,)*SO,  +  Ca< .0*  (II  t.r>) 

The  plan  for  ammonium  sulfate  production  from  gpysum  is  shown 
in  fig.  11-55. 


Gypsum  powder  and  a  32-33%  solution  of  ammonium  carbonate  heated 
to  50-55*0  enters  mixer  3.  The  gypsum  powder  is  added  in  two  pro¬ 
cedures.  This  guarantees  the  formation  of  an  easily  filtered  preci¬ 
pitate  of  CaCO^.  At  first,  about  half  of  the  consumed  quantity  of 
gypsum  is  mixed  with  the  solution  and  the  mixture  is  sent  to  reactor 
4.  From  here,  the  slurry  is  returned  to  mixer  3  through  collector  1. 
The  remaining  gypsum  is  added  to  mixer  3  and  the  obtained  mixture  is 
pumped  into  reactor  6.  The  reaction  continues  for  roughly  8  h,  after 
which  the  slurry  that  contains  suspended  particles  of  CaCO^  is  pumped 
through  collector  7  into  Nutsch  filters  8.  Filtering  is  done  with 
vacuum  of  360-380  mm  Hg. 


The  sludge  (calcium  carbonate  precipitate)  is  washed  in  the 
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Solution 

Gypsum  powder 

Steam 

Condensate 

Water 

Sludge 

To  atmosphere 

Condensate  o£  liquor  steam 


29.  Furnace  gases 

30.  Ammonium  sulfate 

» 

Nutsch  filter  by  water  and  is  removed  to  a  dump.  The  wash  waters 
are  used  to  prepare  a  solution  of  ammonium  carbonate.  A  certain 
quantity  of  CaCO^  particles  remain  in  the  filtered  solution  which 
contains  400-480  g/1  of  ammonium  sulfate,  therefore  before  evapora¬ 
tion,  the  solution  is  filtered  once  more  (not  shown  in  the  plan). 

After  repeated  filtering  ,  the  solution  which  contains  about  41Z 
(NH^^SQ^  and  1.5  (NH^^CO^  is  fed  for  evaporation  into  apparatus 
11  and  12  (first  and  second  stages)  made  of  carbon  steel  and  lead- 
plated  on  the  inside. 

The  evaporated  slurry  that  contains  55%  ammonium  sulfate 
crystals  and  45%  solution,  descends  on  trough  15  into  centrifuge  16. 
Horizontal  automatic  or  semiautomatic  centrifuges  are  usually  used. 

The  liquor  solution  from  centrifuge  16  is  added  to  the  solution  of 
ammonium  sulfate  obtained  after  filters  8,  and  is  jointly  sent  for 
evaporation. 

The  centrifuged  ammonium  sulfate  which  contains  1.5-2%  moisture 
enters  drying  drum  20.  The  ammonium  sulfate  which  has  been  dried 
to  moisture  content  of  0.1-0. 3%  is  further  sent  for  packing. 

The  calcium  carbonate  sludge  (760  kg  per  1  T  of  ammonium  sulfate) 
that  is  obtained  as  a  side  product  can  be  used  in  agriculture  for 
liming  acid  soils  or  used  to  produce  lime-ammonium  nitrate  (p.  247). 

The  consumption  coefficients  for  1  ^  of  ammonium  sulfate 
obtained  from  gypsum: 

Gypsum,  t?  1.13 

Ammonium  carbonate  (100%  (NH/)?C0o)  ,  T 
Electricity ,  kM  x  h  14  J 

Steam  atm.)  ,  X 

Steam  (16  atm.)*,  t 
Water,  nr  3 

Gaseous  fuel ,  nr 
* 

For  heating  the  air  used  to  mix  and  dry  the  gypsum  powder. 


1.13 

0.741 

65.0 

1.109 

0.174 

25 

50.4 
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Production  of  Ammonium  Sulfate  from  Wastes  of  Caprolactam  Production 

This  method  has  begun  to  be  used  in  recent  years  because  of 
the  development  of  caprolactam  production.  A  large  quantity  of 
solutions  of  roughly  the  following  composition  (in  %)  is  formed 
as  a  side  product  at  the  stages  of  formation  of  oximes  and  neutra¬ 
lization.  It  has  roughly  the  following  composition  (in  Z) : 

Ammonium  sulfate  34.0 

Ammonium  nitrate  1.3 

Organic  admixtures  0.3-0. 5 

After  vacuum  crystallization  of  these  solutions  ,  crystalline 
ammonium  sulfate  is  obtained.  The  plan  of  this  process  is  shown 
in  fig.  11-56. 

The  ammonium  sulfate  solution  from  the  shop  that  produces 
caprolactam  enters  storage  tank  1.  From  here  it  is  continually 
pumped  into  mixing  tank  3,  The  liquor  solution  that  is  circulating 
in  the  solution  is  also  fed  here.  It  emerges  from  the  crystal 
receiver  13  and  centrifuge  14.  The  ratio  of  the  quantities  of 
circulating  mother  liquor  and  fresh  solution  is  roughly  7:1.  The 
mixture  of  solutions  from  tank  3 ,  successively  passing  several 
heat  exchangers  4  (one  of  these  is  shown  in  the  plan)  and  preheater 
5,  is  heated  from  40  to  110 °C.  In  heat  exchangers  4,  the  solution 
is  preheated  because  of  the  heat  of  condensation  of  the  liquor  steam 
that  enters  from  the  vacuum- evaporator  6  and  from  the  first  two 
stages  of  the  vacuum  crystallizer  9.  Live  steam  is  fed  into  pre¬ 
heater  5.  The  heated  solution  enters  the  vacuum-crystallization 
unit  which  consists  of  a  vertical  three-stage  vacuum  evaporator  6 
and  horizontal  six-stage  vacuum-crystallizer  9.  The  vacuum  in 
the  unit  is  created  by  a  steam  ejector  7,  and  in  the  first  stage 
is  ~100  mm  Hg.  In  the  subsequent  stages,  the  vacuum  is  gradually 
increased  ,  and  in  the  last  stage  reaches  710  mm  Hg.  In  the  vacuum 
crystallization  unit,  the  solution  boils  at  reduced  pressure,  is 
gradually  concentrated  and  cooled  to  40°C.  The  mixing  of  the  formed 
suspension  in  the  vacuum  crystallizer  is  done  by  air  sucked  from 
the  atmosphere. 
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Figure  11-56.  Plan  for  Reprocessing  Solutions 
of  Ammonium  Sulfate  Obtained  as  Side  Products 
in  Caprolactam  Production 


Key: 
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TABLE  11-51.  OPERATING  PATTERN  OF  VACUUM- 
CRYSTALLIZATION  UNIT 
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Key: 

1 .  Apparatus 

2.  Stage 

3.  Temperature  , °C 

4.  Residual  pressure,  atm. 

5.  Vertical  vacuum  evaporator 

6.  Horizontal  vacuum  crystallizer 

The  operating  pattern  of  the  vacuum  crystallization  unit  is 
shown  in  table  11-51. 

A  slow  and  gradual  drop  in  solution  temperature  must  promote 
the  formation  of  large-crystal  ammonium  sulfate.  The  cooled  slurry 
from  the  last  stage  (suspension  of  ammonium  sulfate  crystals)  flows 
over  the  barometric  pipe  into  hydraulic  gate  12  that  is  equipped  with 
a  mixer.  The  slurry  from  here  is  continually  repuraped  into  crystal 
receiver  13  where  it  is  partially  condensed.  The  slurry  further  enters 
centrifuge  14.  The  mother  liquor  from  the  centrifuge  and  the 
clarified  solution  from  the.upper  part  of  the  crystal  receiver  are 
returned  to  the  cycle  through  the  mixing  tank  3.  The  centrifuged 
ammonium  sulfate  crystals  which  contain  2-2.5%  moisture,  are  sent  by 
conveyer  15  to  the  tray  dryer  16  of  turbine  type.  The  product  is 
dried  by  air  heated  to  110-120°C  with  the  help  of  steam  coils  that  are 
arranged  on  the  inner  perimeter  of  the  dryer.  The  cooled  finished 
product  (moisture  content  0.1-0. 3%)  is  transferred  to  the  warehouse 
and  to  the  packing  department. 

The  consumption  coefficients  for  1  XT  of  ammonium  sulfate  that  is 
obtained  from  the  wastes  of  caprolactam  production: 


Solution  of  ammonium  sulfate  containing  34%  (ITH^) pSO.  ,  *6  2.97 

Steam  (11  atm.),  f  0.131 

Steam  (8  atm.)  ,  V  1.024 

Electricity  ,  am x  h  24.2 

Water  (28°C)  ,  m^  55.5 

Alkali*  (100%  ITaOF)  ,  kg  2 


•fa 

For  neutralisation  of  the  acidity  of  the  liquor  vapor  condensate. 

As  compared  to  the  3mail-crystal  product,  the  large-cryntal 
ammonium  sulfate  (in  the  form  of  so-called  rice  grain)  has  a  number 
of  advantages:  it  cakes  little  during  storage,  it  is  scattered  well  by 
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fertilizer  spreaHers  ,  and  the  losses  of  it  during  storage  and  putting 
into  the  ?oi’.  are  reduced. 


Consequently,  a  !<■  t  of  attention  has  recently  been  focused  on 
developing  methods  for  producing  large-crystal  ammonium  sulfate.  This 
product  can  be  obtained  when  the  appropriate  saturation  regime  is 
observed  and  different  additives  are  put  into  the  ammonium  sulfate 
(for  example,  sulfate  of  bivalent  iron,  sulfates  of  magnesium, 
aluminum,  etc.). 

Use  and  Quality  of  Ammonium  Sulfate 

Large  quantities  of  ammonium  sulfate  are  used  in  agriculture  as 
nitrogen  fertilizer  (contains  20.5-21%  nitrogen)  for  basic  use  on 
chernozem  and  sierozem  soils  under  all  agricultural  crops. 


Ammonium  sulfate  is  a  physiologically  acid  fertilizer ,  there¬ 
fore  the  soil  needs  to  be  limed  if  it  is  used  for  a  long  time. 


According  to  GOST  9097-65,  three  grades  of  by-product  coking 
ammonium  sulfate  used  as  a  fertilizer  are  produced.  Their  quality  must 
meet  the  following  requirements: 


Nitrogen  content  (in  conversion 
for  dry  substance) ,  no  less 
Free  sulfuric  acid,%,  no  more 
Moisture  ,  7. ,  no  more 
Fraction  with  dimensions  over 
0.25  mm,  1 ,  no  less 


Highest 

grade 

first 

grade 

second 

grade 

21.0 

20.8 

20.8 

0,025 

0.050 

0.050 

0.2 

0.3 

0.3 

85 

75 

not  norn 

Ammonium  sulfate  (side  product  of  caprolactam  production)  must 
meet  the  requirements  TU  AU  143-60: 


Nitrogen  content  (in  conversion  for  dry  substance) ,%  ,  no  less  20.8 
Moisture,  %,  no  more  0.3 
Admixtures  of  caprolactam,  %,  no  more  0.5 


Ammonium  sulfate  is  packed  in  paper ,  bituminized ,  or  poly¬ 
ethylene  bags  (capacity  45-50  kg  each)  and  is  shipped  in  closed 
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railroad  cars.  By  agreement  with  the  consumer,  the  ammonium  sulfate 
may  be  shipped  in  a  heap  in  clean  closed  cars. 


6 .  Carbamide 


Physical-Chemical  Properties  of  Carbamide 


Carbamide  COdlh^)?  (urea),  or  carbamic  acid  amide,  is  a  color¬ 
less,  odorless  crystal  substance.  It  is  crystallized  from  solutions 
in  the  form  of  thin  needles  or  rhombic  prisms.  The  technical-grade 
product  has  a  white  or  slightly  yellowish  color.  Pure  carbamide 
contains  46.6%  nitrogen  in  the  amide  form. 


The  main  physical-chemical  constants  of  carbamide: 


Molecular  wei^t 


77 


Melting  point 
at  1  atm. 
at  3000  atm.  3 
Density'8 */y  ,  g/crn 
at  0°C 
at  25°C 

at  132. 7»C  (liquid)' 

Viscosity80  ,8i  (at  132. 7°C)  ,  centipoise 
Specific  heat  capacity  (at  room  temperature) , 
cal/(g  x  deg) 

Molar  heat  capacity  (at  136°C)  ,  cal/(mole  x  deg) 
Free  energy  of  formation8-  < 

Keat 


,80,31 


(at  25°C)  ,  kcal/mole 


of  formation  from  simple  substances 
of  melting75  ,  cal /g 
of  combustion82,  kcal/mole 
Heat  of  di^olving  ,  cal  /g 


, kcal/mole 


in  water' 
in  ethanol78  *83 
in  liquid  ammonia 
at  26 . 4-31 . 5°C 
at  50-108. 5°C 


(in  methanol 


Heat  conductivity 
of  ervstals77  .  cal/(cm  x  s  x  deg) 


of  crystal 
1  ^ 


liquid33  (at  135°C) ,  kcal/(m  x  h.x  deg) 
opy82  (at  25  °C) 


of 

Entropy82  (at  25°C)  ,  cal/(mole  x  deg) 
Electrical  conductivity  of  liquid81  (at  135°C) 
Ohm"1  x  cm-1 

Dielectrical  permeability88,87  (at  22°C  and 
4  x  10® 


Hz) 

Dissociation  co 
Surface  tension 


QO 

jtant00  (at  25°C) 

J  (at  132. 7°C)  ,  dyne/cm 
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60.056 

132.7 

150 

1.335 

1.330 

1.225 

2.58 

0.321 

30.57 

97.118 

79.6 

57.3 

151.053 


50 !  2  (46.6) 

61 

32 

0.191 

0.362 

25 

0.00435 


3. 5±0. 2 
1.5  x  10 
36 


-14 


37 

35 


Angle  of  rest , 0 

of  crystalline  product 
of  granulated  product 

Carbamide  that  has  been  heated  in  a  vacuum  to  120-130°C  is 
sublimated  without  decomposition.  At  higher  temperatures  (160-190°C) 
it  decomposes  with  the  formation  of  ammonium  cyan ate.  At  atmospheric 
pressure  and  180-190°C,  carbamide  breaks  down  with  the  formation  of 
biuret,  cyanuric  acid  and  ammelide.  At  temperatures  above  200°C,  it 
breaks  down  into  ammonia  and  cyanuric  acid. 


3iuret  is  the  product  of  condensation  of  two  molecules  of 
carbamide  which  occurs  with  the  splitting  of  ammonia: 

2H4i\— CO-NH» — ►  H*N— CO-NH— CO— NHa-f  NH» 

Cyanuric  acid  is  formed  as  a  result  of  the  condensation  of  three 
molecules  of  carbamide: 


3H*N— CO— N  H* 


NH 

\q 

I  I  +3NHa 
HN  NH 

V 


The  breakdown  of  aqueous  solutions  of  carbamide  becomes 
noticeable  at  60°C  ,  significant  at  100°C,  and  rapid  at  125-130°C.  Car¬ 
bamide  in  solutions  is  practically  stable  at  temperatures  to  80°C. 

The  solubility  of  carbamides  in  water  has  been  studied  by  a 
number  of  researchers.  Their  data  is  presented  in  table  11-52. 

Carbamide  easily  dissolves  in  liquid  ammonia.  With  a  rise  in 
temperature,  the  solubility  of  carbamide  significantly  increases. 

The  oressure  of  ammonia  vapors  p.™  above  the  saturated  solu- 

9^snh3 

tions  of  carbamide  in  liquid  ammonia  : 


t,°C 

pnh3  ,atm- 


—264  5-6  23-9  35-9  40-9  44.7  449  SO  614  81  82  101 

14  4.7  7.6  94  9.4  94  9.1  9.4  11.1  134  134  125 


Carbamide  dissolves  in  methyl ,  ethyl  and  other  alcohols ,  and 
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TABLE  11-52.  SOLUBILITY  OF 
CARBAMIDE  IN  WATER75 » by 


Te»inep*i 

TT 

l*'PacT»o-  1  TeMnapa- 
pIlMOCTb  |  ?ypa 

“•  ,1  “c 

pUMOCTfc 

MO.  % 

0 

40.00 

65 

74.11 

7 

4400 

70 

76,28 

17 

5000 

753 

’  7736 

20 

51.83 

84.4 

8142 

25 

54.58 

93.8 

8534 

30 

57.18 

950 

8700 

35 

5905 

104.4 

8904 

40 

63.80 

107.0 

9000 

45 

64.72 

109.9 

91.78 

50 

67,23 

1153 

93.78 

55 

60 

6908 

71.88 

120 

9500 

Key: 

1.  Temperature,  °C 

2.  Solubility,  weight . 1 


TABLE  11-53.  SOLUBILITY  CFR, 
CARBAMIDE  IN  LIQUID  AMMONIA0 H  ’ 


Tounpto 

P'PlCTiO-  i 
PBMOCTk  i 

*ec.  %  |j 

Te*n»pa-  | 

io  Trg* 

ptmocrb 
sac.  % 

—30 

17.9 

44.7 

73.2 

—26.4 

200 

44.9 

73.2 

—5.0 

310  | 

45.0 

75.6 

50 

380  1 

500 

750 

145 

45.1 

610 

79.3 

20.5 

493 

66.0 

80.7 

23.9 

510  ! 

66.5 

81.4 

260 

543  | 

780 

83.6 

31  5 

58.1  i 

810 

840 

35.9 

i  620  l 

820 

85,0 

40.9 

j  68.0 

101 0 

91.1 

43.0 

1  723 

108.5 

91.9 

Key : 

1 .  Temperature  ,  °C 

2.  Solubility,  weight.* 


TABLE  11-54.  SOLUBILITY  OF  CARBAMIDE  IN  CERTAIN  ALCOHOLS77 
(in  g/100  g  of  alcohol) 


- (^~ 

CnapTM 

—pr 

Ttmimtmi  /pa 

a 

i  o 

20 

30 

*0 

iO 

60 

70 

80 

90 

Snraol^.  .  .  .  . 

2,6 

4,0 

5,4 

7.2 

9,3 

11,7 

15,1 

20,2 

H-Hponauoa  . 

1.6 

2,0 

2,6 

3,8 

4,8 

6,2 

7.7 

9,8 

12,3 

17,0 

H3onponaaoji(®’.  . 

— 

6,2 

— 

— 

— 

23 

— 

MaoOyTanoji  W.  . 

1.0 

1.3 

1,7 

2,3 

3,1 

3.7 

4.4 

5,3 

6,3 

8,2 

ll3oaiauoBUH|ll  . 

0,7 

U 

1,8 

2,1 

2,7 

3,4 

4,1 

4,9 

5,5 

Key: 

1.  Alcohols 

2 .  Temperature 

3.  Ethanol 

4.  n-propanol 

5.  Isopropanol 

6.  Isobutanol 

7.  Isoamyl 


is  not  very  soluble  in  ether  and  is  insoluble  in  chloroform. 


The  solubility  of  carbamide  in  methanol  is  characterized  by 
the  following  data^^in  g/100  g  of  alcohol): 
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(.  *c 

PacT»o-v>) 

pHMOOTIi 

TaepKMiJ) 

<traa 

t.  *c 

P»<rr*ok 

pntocTk 

3 

-78 

03  ! 

0 

7.7  1 

—1*5 

2.9  1 

O 

10 

12.5  1 

— 15 

3.9  I 

H 

15 

16.4  I 

— 10 

4.9  > 

£ 

19 

20.5  J 

2 

0 

u 

Tpepaaft-11 

ipaoa 

t.’C 

PacTKH.0  T«ppAMp\ 
pmooTk  paaa  ! 

O 

n 

x 

20 

22.0  1 

u 

30 

27.7 

40 

35.5 

CO(NH,)» 

M 

50 

46.0 

X 

z 

60 

1  2,8  ‘ 

0 

Key: 

1.  Solubility 

2.  Solid  phase 


In  the  temperature  interval  from  -15  to  +19°C,  carbamide  can 
be  dissolved  in  methanol  ,  and  with  the  precipitation  of  metastable 
solid  phase^^— CO  (NF^)  2 '• 


Temperature  ,°C  —15  —10  0  10  15  19 

Solubility,  g/100  g  10.9  lli0  14>2  177  19>7  21f4 

of  alcohol 


The  solubility  of  carbamide  in  certain  organic  solvents 


77 


is 


presented  below  (in  g/100  g  of  solvent): 


Solvent 

t  .  °G. 

_ Snlnhi lity — 

Ethyl  ether 

15-20 

0.0004 

Glycerine 

15 

—  50 

Pyridine 

20-25 

0.96 

Aqueous  50%  solution  of  pyridine 

20-25 

21.53 

Ethyl  acetate 

25 

0.08 

The  viscosity  of  concentrated  solutions  of  carbamide  (above  75%) 
approaches  the  viscosity  of  water  at  low  temperatures  (0-10°C). 

The  nomogram  for  determining  the  viscosity  of  aqueous  solutions 
91 

of  carbamide  is  shown  in  fig.  11-57.  On  the  right  scale  of  the 
average  line  is  the  concentrations  c  of  COdft^^  solutions  (in  %)  , 
and  on  the  left— the  temperature  <«  at  which  the  solutions  become 
saturated.  After  connecting  the  point  of  the  assigned  temperature 
on  the  left  scale  t  with  the  point  of  solution  concentration  on  the 
scale  c,  and  after  making  a  long  straight  line  to  the  intersection 
with  the  viscosity  scale  n  (in  centipoise)  ,  we  find  at  the  inter¬ 
section  point  the  unknown  viscosity  of  the  solution.  For  example, 
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viscosity  of  a  50%  solution  of  carbamide  at  60°C  is  0.925  cP.  The 
saturation  temperature  of  this  solution  is  tm  =  15°C. 


TABLE  11-55.  DENSITY  AND 
VISCOSITY  OF  AQUEOUS  SOLUTIONS 
OF  CARBAMIDE 


TABLE  11-56.  BOILING  POINT 
OF  AQUEOUS  SOLUTIONS  OF  CAR¬ 
BAMIDE  (IN  °C)  WITH  VACUUM 


Teamed 

l»«rypu 

HOCTfe 

i/CM*  I 

- QT 

Bh-ikhctu 

CtkJ 

ll.miG*) 

IIDCTIt 

J /CM* 

~  (5) 

BlUKOCTk 

ana 

(>> 

I5?i-  jmcTBop 

35%- 

(«*> 

paCTBOp 

10 

1.0423 

1.250 

1.0092 

1.597 

3o 

1.0307 

0,904 

1,0915 

1.159 

43 

10302 

0.705 

1.0835 

0.838 

nO 

1.0218 

0.576 

1.0743 

0.729 

75 

1.0140 

0.491 

1.0649 

0,615 

90 

1.0050 

0.425 

1,0545 

0.532 

pacTBop 

55%- 

W 

paCTBOp 

75%- 

30 

1  1530 

1.786  ! 

_ 

45 

1.1423 

1.322  i 

— 

— 

60 

1.1330 

1.053  i 

— 

— 

75 

1.1240 

0.269 

1.845 

1.634 

90 

1.1145 

0.746 

1.1750 

1.365 

Key : 

1 .  Temperature  ,  °C 

2.  Density,  g/cmr 

3.  Viscosity,  cP 

4.  Solution 


Figure  11-57.  Nomogram  to 
Determine  Viscosity  n  of 
Aqueous  Solutions  of 
Carbamide  (in  cP) 


(0 

KoiuaeHTpa-  1 

tec.  %  ! 

Puapowease 
jujm  pm.  cm. 

710 

cau 

560 

410 

20 

40 

51 

! 

i 

69 

81 

40 

43 

56 

71 

hi 

60 

45 

61 

76 

90 

80 

KpncTa;um- 

87 

loo 

1  aye re*  ; 

i  I 

Key: 

1 .  Concentration  ,  weight . 1 

2 .  Vacuum  ,  mm  Hg 

3.  Crystallizes 
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The  hygroscopic  points  of  carbamide^ .92  are  presented  below: 

Temperature  ,°C  in  ir,  20  25  rin  v>  so 

Relative  air  humidity 

above  saturated  solutions  ,%  si  s  :o.n  sn.o  75.8  72.5  r,s  02.5 

Carbamide  which  contains  0.2-0. 3%  moisture  practically  does  not 
cake.  Cooling  of  the  product  and  the  introduction  of  additives 
(ground  corn  stalks,  soy,  bone,  shell  meal,  dolomite,  etc.)  reduce 
the  caking  of  crystalline  carbamide. 

The  bulk  density  of  crystalline  carbamide  which  contains  0.5% 

3 

moisture  is  640  kg/m  .  The  bulk  density  of  the  granulated  product 
is  greater  and  depends  on  the  granulometric  composition  of  the 
product  (table  11-57). 


TABLE  11-57.  BULK  DENSITY  OF  GRANULATED  CARBAMIDE* 
(moisture  content  of  product  0.5-1. 7%) 


Part  Me  pm  rpn  JjI'm 

! 

Hactmnafl  1 
uaornocm 

Ki/M*  ’ 

PnitPM  r  p  i  h  y  a 

MM 

(J) 

HaewniiM 

nnortrocrv 

lU/M* 

=  1 

2—1 

i-a.5 

0.5 

2 

2-1 

i-oa 

0A 

CntepiKanne  rpaayji,  ace 

Conepmaniic  rp*nY*»  ■<*.  ^ 

42 

87.0 

58 

3.0 

682 

0.6 

72.4 

25.7 

1.3 

727 

0-2 

882 

6.0 

2.6 

688 

1.9 

794 

17.0 

1.7 

680 

r,.  2 

S2-<> 

7.9 

3.9 

692 

6.6 

73.0 

190 

14 

670 

ft.5 

90.4 

3.1 

736 

2.2 

80.0 

16.8 

10 

670 

1.9 

83. 1 

13-5 

15 

674 

1.4 

72-8 

23-2 

2.6 

710 

on 

75.(5 

22.1 

17 

701 

5.5 

78-5 

14.7 

13 

678 

70.7 

194 

3.0 

703 

Key: 

1.  Granule  sizes,  mm  0 

2.  Bulk  density,  kg /nr 

3.  Granule  content,  weight. % 

According  to  data  of  N.  V.  Meshcheryakov. 

Raw-material .  The  initial  raw  material  in  the  production  of 
carbamide  is  liquid  ammonia  and  gaseous  carbon  dioxide. 

The  physical-chemical  properties  of  ammonia  are  presented  in 
the  first  volume  of  Reference  Book  for  Nitrogen  Industry  Worker 
(see  section  I) . 


Under  normal  conditions  ,  carbon  dioxide  is  a  colorless .odorless 
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gas.  The  density  of  gaseous  carbon  dioxide  (at  0°C  and  760  mm  He) 

3 

equals  1.9769  kg/m  .  The  density  of  solid  carbon  dioxide  is  1.3- 
1.6  kg/1,  depending  on  the  method  of  its  production. 

The  triple  point  of  carbon  dioxide  is  -56/6°C  at  5.28  atm.  The 
heat  of  steam  formation  of  CO2  at  temperatures  and  the  appropriate 
pressures  located  between  the  critical  and  triple  points ,  is 
determined  from  the  equation  (in  kcal/kg): 


r-=  tfi.2  (.104.1  —  0»“ 

where  t  — temperature  ,°C  . 

Solid  carbon  dioxide  melts  at  temperatures  and  pressures 
equal  or  exceeding  its  triple  point.  Belov?  the  triple  point,  solid 
carbon  dioxide  directly  passes  into  the  gaseous  state  (sublimates). 
The  sublimation  temperature  is  a  function  of  oressure:  at  1  atm.  it 
is  -78.3°C,  in  a  vacuum  -100°C  and  lower,  depending  on  the  depth 
of  the  vacuum. 

The  thermodynamic  properties  and  the  viscosity  of  carbon 
dioxide  are  presented  in  volume  I  of  the  Reference  Book  for  the 
Nitrogen  Industry  Worker  (see  section  I) . 

Physical-Chemical  Fundamentals  of  Carbamide  Synthesis 

Of  all  the  known  methods  for  producing  carbamide ,  the  process 

of  carbamide  synthesis  from  ammonia  and  carbon  dioxide  according  to 

93 

the  method  developed  in  1868  by  the  Russian  chemist  A.  I.  Bazarov 
has  currently  obtained  industrial  value.  Synthesis  of  carbamide 
according  to  this  method  can  be  viewed  as  the  process  of  formation 
and  dehydration  of  ammonium  carbamate: 

co,+2Wil3  rf,.N— coo— nh«  1  7  (M -  :o) 

IIjN — CO, —  NH«  TZt  ll,N— CO-NI1*  4- lljO-7  (ll-.'li) 

The  equilibrium  state  of  these  reversible  reactions,  and  con¬ 
sequently  ,  the  output  of  carbamide  depends  on  the  conditions  of 


synthesis,  molar  ratio  of  ammonia,  carbon  dioxide  and  water,  tem¬ 
perature,  pressure,  quantity  of  inert  gases  in  the  initial  mixture, 
duration  of  the  process. 


Figure  11-58.  Solubility  of  Ammonium  Carbamate- 
Water  System 

Key: 

1 .  Temperature , °C 

2.  Solution 

3.  Ammonium  carbamate 

4.  Ammonium  sesquicarbamate 

5 .  Ammonium  carbonate 

6 .  Ice 

7.  Concentration,  mol.£ 


In  the  absence  of  water,  only  ammonium  carbamate  is  obtained. 

In  the  presence  of  water,  ammonium  carbonate  is  also  formed  (NH^^COj, 
ammonium  bicarbonate  NH^HCO^,  and  ammonium  sesquicarbonate  (NH^^CO^  x 
2NHaHC03. 

Water  and  ammonium  carbamate  form  a  metastable  system  that  is 
slowly  converted  into  a  mixture  of  different  compounds.  Their 
composition  depends  on  the  temperature  and  concentration  of  carbamate. 

The  solubility  in  the  ammonium  carbamate-water  system  (according 
to  the  data  of  Janecke)is  shown  in  fig.  11-58.  It  is  apparent  from 
here  that  the  saturated  aqueous  solutions  of  ammonium  carbamate 
exist  at  temperatures  above  60  ®C.  At  lower  temperatures,  saturated 
solutions  of  other  ammonium  carbonates  are  formed. 

The  reaction  (11-36)  is  exothermic.  The  results  of  determining 
the  heat  of  formation  of  ammonium  carbamate  that  were  obtained  by 
different  researchers  have  discrepancies,  but  not  very  significant. 
Therefore,  the  heat  of  reaction  (11-36)  can  be  assumed  to  be  equal 
to  152  kJ/mole  (36.3  kcal/mole)  with  constant  volume  and  158  kJ/mole 
(37.7  kcal/mole)  with  constant  pressure. ^ 
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The  reaction  (11-37)  of  dehydration  of  amoniun  carbamate  with 
the  release  of  carbamide  is  endothermic.  Its  thermal  effect  is 
-32.3  kJ/mole  (-7.7  kcal/mole) .  Thus,  the  total  heat  of  formation 
of  carbamide  from  ammonia  and  carbon  dioxide  equals  125.7  kJ/mole 
(30  kcal/mole).  Consequently,  the  process  of  carbamide  synthesis 
on  the  whole  occurs  with  the  release  of  heat. 

The  quantity  of  released  heat  depends  on  the  molar  ratio  of 
ammonia  and  carbon  dioxide,  the  purity  of  the  initial  raw  material, 
the  water  content  in  the  reaction  mass  (in  the  column)  and  on  the 
degree  of  conversion  of  ammonium  carbamate  into  carbamide. 

When  carbamide  is  synthesized,  in  addition  to  the  main  reaction, 
side  reactions  may  occur.  The  total  effect  of  the  main  and  side 
reactions  determines  the  output  of  carbamide  and  the  pressure  of 
the  process. 

9  5 

Matugnon  and  Frejacques  have  established  that  the  pressure 
of  the  process  of  carbamide  synthesis  with  a  stoichiometric  ratio 
of  NH^-.CC^  is  higher  than  the  sum  of  pressures  of  water  vapors  and 
dissociation  of  ammonium  carbamate.  The  dissociation  pressure  of 
ammonium  carbamate  was  determined  by  Briner^  in  the  interval  of 
temperatures  77-197 °C.  The  results  he  obtained  are  presented  below*. 


B.  A.  Bolotov  and  A.  N.  Popova  in  studying  the  conditions  for 
carbamide  synthesis  established  the  dependence  of  the  equilibrium 
pressure  of  the  process  on  the  temperature  with  different  ratios  of 
ammonia  and  carbon  dioxide  (fig.  11-59).  It  is  apparent  from  the 
figure  that  the  pressure  of  the  carbamide  synthesis  process  signi¬ 
ficantly  exceeds  the  pressure  of  ammonium  carbamate  dissociation 


established  by  Briner,  and  only  with  a  surplus  of  ammonia  to  50Z  is 
the  pressure  of  synthesis  below  the  pressure  of  carbamate  dissociation. 
According  to  Briner’ s  curve  for  pressure  of  ammonium  carbamate 
dissociation ,  one  can  determine  the  upper  limit  of  the  temperature 
in  the  column  of  synthesis  at  the  assigned  working  pressure. 


The  reaction 


coi-f  2NH,; 


oc/NH* 

^ONH, 


is  reversible,  and  the  system  is  divariant.  The  pressure  of  carba¬ 
mide  synthesis  with  constant  volume  depends  on  the  temperature  and 
composition  of  the  gas  phase. 

Figure  11-59.  Dependence  of  Equilibrium  Pres- 
[  j  jjn  sure  of  Process  of  Carbamide  Synthesis  on 

ii0  :  1  jr~  Temperature  (Filling  of  reaction  space  0.7 

— h-yh  g/<^> 
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Figure  11-60.  Dependence  of 
Equilibrium  Output  of  Carbamide 
on  Temperature  and  Surplus  of 
Ammonia 


Key: 


Surplus  of  300Z  NH~ 
Surplus  of  200Z  NHo 
Surplus  of  100Z  NH~ 
Surplus  of  50Z  NHo 
Without  surplus  or  NHo 
Degree  of  conversion  of 
ammonium  carbamate  into 
carbamide,  Z 
Temperature ,°C 


A.  Bolotov  and  V.  R,  Leman  .determined,  the  degree  of 
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dehydration  (conversion)  of  ammonium  carbamate  into  carbamide  increases 
with  a  rise  in  temperature  and  an  increase  in  the  surplus  ammonia 
(fig.  11-60).  However,  this  increase  lasts  only  to  a  certain  maximum 
that  is  limited  to  temperature  of  200-220°C.  Above  this  temperature, 
it  is  inefficient  to  synthesize  carbamide  at  the  assigned  pressure 
since  with  a  further  rise  in  temperature  at  constant  pressure,  the 
degree  of  conversion  of  ammonium  carbamate  into  carbamide  begins  to 
decrease.  This  is  explained  by  the  intensive  rise  in  pressure  of 
dissociation  of  ammonium  carbamate  with  a  rise  in  temperature. 

As  follows  from  fig.  11-61  which  confirms  the  data  of  fig.  11-60, 
with  an  increase  in  surplus  ammonia  to  100%,  a  comparatively  high 
growth  is  observed  in  the  degree  of  conversion  of  ammonium  carbamate 
into  carbamide.  With  a  subsequent  increase  in  the  surplus  ammonia, 
the  degree  of  conversion  increases  only  by  3-6%.  Therefore,  under 
practical  conditions  of  carbamide  synthesis,  the  NH^.'CC^  ratio  is 
assumed  to  be  no  more  than  4:1. 


Figure  11-61.  Effect  of  Temperature  on 
the  Degree  of  Conversion  of  Ammonium 
Carbamate  into  Carbamide  in  the  Presence 
of  Surplus  Ammonia  (filling  of  reaction 
space  0.7-0.85  g/cm3) 

Key: 

1.  At  300%  NHo 

2.  At  200%  MHf 

3.  At  100%  NHX 

4.  At  50%  NH3 

5.  Degree  of Conversion  of  ammonium 
carbamate  into  carbamide  *  % 

6 .  Temperature  ,  °C 


The  rate  of  ammonium  carbamate  dehydration  is  shown  in  fig. 
11-62.  One  should  take  into  consideration  that  these  data  mainly 
have  an  illustrative  nature  since  a  whole  series  of  factors  that  will 
be  examined  below  influence  the  absolute  quantities  of  carbamide 
output . 


The  effect  of  surplus  ammonia  and  temperature  on  the  rate  of 
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Figure  11-62.  Rate  of  Dehydration  of 
Ammonium  Carbamate 

Key: 

1.  at  200°C 

2.  at  130°C 

3.  at  170°C 

4.  at  1608C 

5.  at  155°C 

6.  at  145°C 

7.  at  140°C 

8.  Degree  of  carbamate  conversion, % 

9 .  Duration  of  heating ,  h 


conversion  of  ammonium  carbamate  into  carbamide  is  shown  in  fig.  II- 
63  (according  to  data  of  B.  A.  Bolotov,  A.  N.  Popova  and  V.  R.  Leman) . 


Figure  11-63.  Dependence  of 
Degree  of  Ammonium  Carbamate 
Conversion  into  Carbamide  on 
Duration  of  Heating ,  Surplus 
Ammonia  and  on  Temperature 
(solid  lines — 100Z  NH,  surplus, 
dotted— » 5 9Z  surplus  NH-) 

Key : 

1.  at  210®C 

2.  at  190°C 

3.  at  175°C 

4.  at  165°C 

5.  at  155°C 

6.  at  145°C 

7.  Degree  of  conversion 
of  ammonium  carbamate 
into  carbamide ,  Z 

8.  Duration  of  heating,  h 


With  an  increase  in  pressure,  the  degree  of  conversion  of 
ammonium  carbamate  into  carbamide  increases.  The  specific  output 
of  the  synthesis  column  also  rises. 
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Figure  11-64.  Effect  of  Pressure  on 
Degree  of  Conversion  of  Ammonium  Carbamate 
into  Carbamide 

Key : 

1.  Degree  of  conversion  of  ammonium 
carbamate  into  carbamide, % 

2.  Pressure,  atm. 


At  pressure  of  154  atm.  the  degree  of  conversion  is  only  35% 
(fig.  11-64),  at  175  atm.  it  rises  to  43%,  at  210  atm.— ‘to  51%,  at 
230  atm--to  57%,  after  which  it  remains  on  one  level. 

The  rate  of  ammonium  carbamate  formation  (with  other  conditions 
equal)  rises  roughly  proportionally  to  the  square  of  pressure.  This 
reaction  which  is  fairly  slow  at  atmospheric  pressure  and  normal 
temperature,  under  pressure  on  the  order  of  100  atm.  and  temperature 
of  150°C  occurs  almost  momentarily.  Therefore,  under  production 
conditions ,  in  order  to  increase  the  specific  output  of  the  synthesis 
column,  it  is  expedient  to  conduct  this  process  at  high  pressure 
(200-280  atm.)  and  a  temperature  corresponding  to  this  pressure. 

Reaction  (11-37)  of  the  formation  of  carbamide  from  ammonium 
carbamate  can  occur  with  considerable  output  only  in  the  liquid  phase. 
The  presence  of  water  reduces  the  temperature  of  melting  of  carbamate 
in  the  initial  period  of  the  process ,  promoting  the  most  rapid 
formation  of  the  liquid  phase.  As  equilibrium  is  reached,  water  has 
a  negative  effect  on  the  course  of  the  process  of  carbamide  synthesis. 
It  has  been  found^  that  the  presence  of  each  percentage  of  water 
above  2-3%  reduces  the  degree  of  conversion  of  ammonium  carbamate  into 
carbamide  by  1%.  Frezhak  and  Kann  have  established  the  dependence  of 
the  equilibrium  degree  of  CO2  conversion  into  carbamide  on  the 
surplus  ammonia  and  the  water  content  in  the  reaction  mixture. 
According  to  the  nomogram  (fig.  11-65)  which  graphically  expresses 
this  dependence  at  temperatures  of  130-200°C,  one  can  compute  the 
degree  of  conversion  of  carbon  dioxide  into  carbamide  in  a  broad 
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Figure  11-65.  The  Effect  of  Surplus  Ammonia  and 
Water  Content  on  Degree  of  Conversion  of  Carbon 
Dioxide  into  Carbamide 

Key: 

1.  mole /mole 

2.  Degree  of  C02  conversion  into  carbamide 

range  of  initial  ratios  of  NH2:C02  and  H20:C0^'in  the  reaction  mass* 
For  example,  with  Nl^tCC^A,  addition  of  1.55  mole  of  water  and 
1808C,  the  output  of  carbamide  for  C02  is  50%.  With  the  same  ratio 
of  NH^zCO,,  and  180°C ,  but  without  the  addition  of  water,  the  output 
of  carbamide  rises  to  73%. 

A  surplus  of  carbon  dioxide  does  not  have  a  significant  effect 
on  the  ammonium* carbamate  conversion  into  carbamide  (fig.  11-66). 


Figure  11-67  shows  a  graph  for  the  change  in  ammonium  carbamate 
conversion  into  carbamide  depending  on  the  duration  of  stay  of  the 
reaction  mixture  in  the  synthesis  column.  It  is  apparent  from  the 
figure  that  in  the. space  of  1  h,  an  almost  equilibrium  output  of 
carbamide  is  reached.  With  a  reduction  in  the  time  of  stay  of  the 
melt  in  the  synthesis  column  from  1  h  to  30  min.  ,  the  degree  of 
conversion  of  ammonium  carbamate  is  reduced  by  6-8%,  while  the  speci¬ 
fic  removal  of  carbamide  from  the  synthesis  column  is  increased  two¬ 
fold  (fig.  11-68 , a) .  Thus,  with  an  increase  in  the  total  rate  of 
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Figure  11-66.  Degree  of  Conversion 
of  Carbon  Dioxide  into  Carbamide 
with  Surplus  NH,  or  CO2  and  Tem¬ 
perature  of  155*C  (dotted  line— 
stoichiometric  mixture) 

Key : 

1.  Degree  of  conversion, % 

2.  Mole 

3.  Surplus 


Figure  11-67.  Dependence  of  Degree 
of  Conversion  of  Ammonium  Carbamate 
into  Carbamide  on  Duration  of 
Heating  of  Reaction  Mixture  (Filling 
of  Reaction  Space  0.7  g/cm^) 

Key: 

1.  With  surplus  of  100%  NH-> 

and  190°C  0 

2.  The  same  at  210°C 

3.  With  surplus  of  300%  NH, 

and  190°C  J 

4.  The  same  at  210°C 

5.  Degree  of  conversion  of 
ammonium  carbamate  into 
carbamide ,  % 

6 .  Duration  of  heating  ,  h 


loading  the  reagents  into  the  column  with  a  constant  volume  of  them, 
the  degree  of  C0o  conversion  into  carbamide  is  reduced,  but  in  this 
case ,  the  output  of  carbamide  is  increased  because  of  the  reduction 
in  time  that  the  melt  stays  in  the  column, 

The  dependence  of  the  specific  removal  of  carbamide  on  the  ratio 
of  NH^  and  CO2  is  shown  in  fig.  11-68,  b. 

When  there  are  inert  admixtures  in  the  original  ammonia  and 
-carbon  dioxide,  the  partial  pressure  of  and  C02  above  the  melt 
in  the  synthesis  column  is  reduced,  as  a  consequence  of  which  there 
is  a  decline  in  the  degree  of  conversion  of  ammonium  carbamate  into 
carbamide . 

V.  V.  Lebedev  (GIAP) [State  Scientific  and  Planning 
Institute  of  the  Nitrogen  Industry  and  Products  of  Organic  Synthesis] 
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Figure  11-68.  Dependence  of  Specific 
Removal  of  Carbamide 

Key: 

a.  on  time  of  stay  of  melt  in 

synthesis  column  with  NH,:C09» 
4:1  3  Z 

b.  on  molar  ratio  NH^CO,  with  time 
of  stay  of  melt  in  column  ~1  h 

1.  Specific  removal  of  carbamide, 
kg /(nr  x  h) 

2.  Time  of  stay,  h 

3.  mole /mole 


has  established  the  dependence  of  decrease  in  degree  of  C02  conversion 
into  carbamide  on  the  quantity  of  inert  gases  in  the  initial  raw 
material : 

y  =  -2.68lg  *4-70.08  (11-38) 

v=. -0.065  lg  *4-1  •837  (H-39) 

where  x — content  of  inert  admixtures  in  gas,  vol.%; 

y--degree  of  conversion  of  carbon  dioxide  into  carbamide, 
weight . X . 

Equation  (11-38)  refers  to  the  equilibrium  output,  while 
equation  (11-39)  to  the  practical. 

With  an  increase  in  surplus  ammonia ,  there  is  a  change  in  the 
density  of  the  liquid  phase  (melt)  and  the  volumetric  ratios  of  NH-j 
and  C02  in  (he  gas  phase  (fig.  11-69).  This  has  a  negative  effect 
on  the  specific  output  of  the  carbamide  synthesis  column.  In  order 
for  the  specific  output  of  the  column  to  be  the  greatest  with  the 
minimum  energy  expenditures,  the  NHg:C02  ratio  should  be  carefully 
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Figure  11-69.  Effect  of  Surplus  Ammonia  and  Temperature 

in  Synthesis  of  Carbamide 

Key: 

a.  on  density  of  melt 

b.  on  composition  of  gas  phase  (descending  curves— 

C02  content,  ascending— NH3  content) 

1.  Density  of  melt,  g/cm*  J 

2.  Surplus 

3..  Composition  of  gas  ,  volum^Z 

selected.  Calculations  made  for  a  plan  with  complete  liquid  recycling 
(p.365  )  indicate  that  when  the  NH^iCC^  ratio  rises,  the  consumption 
of  electricity  for  1  IT  of  carbamide  is  reduced,  while  the  specific 
consumption  of  steam  is  the  minimum  with  NE^iCO  =  4:1  (fig.  11-70). 

The  total  consumption  of  steam  and  electricity  is  also  the  minimum 
with  a  surplus  of  ammonia  of  about  100%  . 

The  presented  data  make  it  possible  to  determine  the  optimal 
ratio  of  ammonia  and  carbon  dioxide  in  the  synthesis  of  carbamide 
under  specific  conditions  of  a  chemical  enterprise  with  regard  for 
the  cost  of  the  steam  and  the  electricity. 

For  a  more  complete  study  of  the  process  of  carbamide  synthesis 
and  to  study  the  side  processes  ,  it  is  useful  to  know  the  solubility 
in  a  four-component  system  l^O-COOT^)  2"^®2"NH3  ’  as  we^  as  the 
vapor  pressure  above  the  solutions  and  the  composition  of  the  corres¬ 
ponding  gas  phases. 
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Figure  11-70.  Dependence  of  Specific  Energy 
Expenditures  in  Production  of  Carbamide  on  Molar 
Ratio  of  NH., :  CO 2 

Key : 

a.  Consumption  of  electricity 

b.  Consumption  of  steam  during  synthesis  and 
distillation 

1.  Consumption  of  electricity,  kW  x  h/t  of  carbamide 

2.  mole /mole 

3.  Consumption  of  steam,  T/C  of  carbamide 

The  data  that  refer  to  the  metastable  system  of  carbamide -water 
are  presented  in  fig.  11-71.  It  depicts  the  curve  of  solubility 
(crystallization)  and  the  curves  for  the  density  of  solutions  and 
pressure  of  vapors  above  them  with  different  temperatures  and  con¬ 
centrations  of  solutions. 

Figure  11-72  illustrates  the  diagram  for  the  condition  of  the 
carbamide-ammonium  carbamate-ammonia^  system.  The  curves  of  joint 
crystallization  that  demarcate  the  diagram  into  four  regions  cor¬ 
respond  to  the  compositions  of  solutions  that  are  saturated  by  two 
substances,  for  example,  carbamide  and  ammonium  carbamate  (line  OB), 
carbamide  and  its  ammonia  complex  (line  AO) ,  etc.  In  the  region 
which  is  adjacent  to  the  top  CO(NH2>2*  there  are  solutions  which  are 
saturated  with  carbamide.  Above  it  is  a  field  of  solutions  that  are 
saturated  in  relation  to  the  complex  x  NH3.  The  region  of 

solutions  saturated  with  ammonium  carbamate  is  adjacent  to  the  top 
of  NH^CO^NI^.  In  the  region  of  stratification  that  is  limited  by 
ellipsoidal  curve  CD,  two  three- comnonent  solutions  are  in  simultaneous 
coexistence.  Their  compositions  are  determined  by  the  intersection 
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Figure  11-71.  Diagram  of  Solubility  of  Carbamide 
in  Water,  Density  of  Its  Solutions  and  Pressure  of 
Vapors  above  Solutions 

Key:  3 

1.  Density  of  solutions,  g/cm 

2.  Absolute  pressure ,  atm. 

3.  Temperature  ,°C 

4 .  Ice 

5.  Line  of  crystallization 

6 .  Carbamide 

7.  Concentration  of  carbamide,  weight. % 


points  of  the  isotherms  with  boundary  curve  CD.  The  ratios  of  both 
solutions  in  the  region  of  stratification  correspond  to  the  ratios 
of  the  isotherm  segments  into  which  they  are  divided  by  the  assigned 
or  unknown  points  of  the  compositions.  Point  0  of  intersection  of 
three  boundary  curves  characterizes  the  composition  of  the  solution 
that  is  saturated  with  carbamate,  carbamide  and  its  ammonia  complex. 


By  analyzing  this  diagram,  one  can  draw  the  conclusion  that  in 
the  presence  of  carbamide  ,  the  solubility  of  ammonium  carbamate  in 
liquid  ammonia  rises  ,  and  with  an  increase  in  the  ammonia  surplus  , 
the  melting  point  of  the  carbamide  drops.  In  this  case,  the  quantity 
of  the  liquid  phase  increases,  and  consequently,  the  reaction  of  car¬ 
bamide  formation  is  accelerated. 
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Figure  11-72.  Diagrata  of  State  of  Carbamide-Ammonium 
Carbamate-Ammonia  System 

Key: 

1.  Area  of  stratification 


Data  on  the  melting  points  of  the  carbamide -ammonium  bicarbonate 

and  carbamide- ammonium  carbonate- ammonium  bicarbonate  systems  are 
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presented  below. 
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The  equilibrium  composition  of  the  gas  and  liquid  phases  that 
are  formed  in  the  process  of  carbamide  synthesis  is  presented  in 
table  11-58. 
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TABLE  11-58.  EQUILIBRIUM  COMPOSITION  OF  LIOUID  AND 
GAS  PHASES  IN  PROCESS  OF  CARBAMIDE  SYNTHESIS  AT 
DIFFERENT  TEMPERATURES  C  AND  PRESSURES  P 


1.  *c 

P 

“To 

(A> 

OtOwtok 

NH, 

•i 

(v 

Cpemra*  coots 

■  oaiM.  Me.  K 

CpMinil  •imii  np»> 
ruosoft  caeca,  oflim.  % 

NH, 

NH.CO.NIJ, 

CO(NBt)t 

H,0 

NH, 

CO, 

H.O 

155 

137 

0 

1.2 

51.7 

36.0 

10.9 

138 

818 

78 

80 

50 

194 

34.5 

35.5 

10.6 

83*6 

10.6 

54 

100 

100 

29.7 

27.5 

32a 

10.0 

938 

0 

78 

135 

200 

440 

20,6 

272 

82 

95.7 

0 

43 

135 

300 

54.0 

15.8 

22.6 

68 

95.0 

0 

33 

173 

210 

0 

1.3 

488 

38.4 

115 

178 

74.0 

83 

210 

50 

10.2 

38.2 

39.2 

11-8 

11.0 

734 

7.6 

125 

100 

29.3 

23.2 

36.8 

110 

92.6 

0.8 

68 

WO 

200 

45.2 

17,0 

29.0 

88 

95.7 

87 

38 

ICO 

300 

85.1 

11.7 

25.6 

7.7 

94.2 

0 

58 

19.* 

290 

0 

2.3 

40.4 

394 

11.9 

224 

68.6 

9.0 

175 

50 

19.1 

29.1 

39-8 

12.0 

72.0 

208 

3.0 

175 

100 

31.5 

20-5 

36.5 

11.2 

918 

16 

7.4 

210 

200 

45.6 

14.6 

30.6 

9.2 

93.5 

16 

5.0 

210 

300 

50.7 

10,6 

24.3 

7.6 

908 

0 

8.0 

210 

390 

0 

2.1 

44.7 

408 

12.4 

25.6 

64.1 

108 

245 

50 

19.1 

27.1 

414 

124 

654 

24,5 

10.1 

260 

100 

30.3 

20-1 

38.2 

11.5 

87.0 

4,3 

8.7 

290 

200 

47,8 

13.0 

30.0 

8.2 

89.0 

3,3 

7.7 

300 

300 

57.3 

9.7 

25.4 

7,6 

90.4 

0.4 

9  2 

220 

490 

0 

1.1 

48.4 

39.6 

11.9 

289 

39.6 

11.5 

295 

50 

18.8 

28.0 

40.8 

124 

05.1 

258 

98 

340 

100 

33.2 

18.3 

37.2 

11.2 

84.1 

6.7 

9.2 

350 

200 

489 

128 

298 

9.0 

87  2 

3.6 

9.2 

350 

300 

57 .0 

94) 

26.0 

8.0 

902 

0-5 

93 

Key: 

1 .  atm. 

2.  Surplus 

3.  Average  composition  of  melt,  weight. % 

4.  Average  composition  of  steam-gas  mixture,  vol.U 


Industrial  Plans  of  Carbamide  Production 


World  practice  currently  uses  several  industrial  plans  for 
synthesis  of  carbamide  which  are  distinguished  by  the  conditions 
for  conducting  the  process  and  the  plans  for  reprocessing  the  un¬ 
reacted  ammonia  and  carbon  dioxide.  All  of  these  plans,  depending 
on  the  methods  of  use  of  NH^  and  CO2  which  do  not  enter  into  the 
reaction  of  carbamide  formation,  can  be  divided  into  open  and  closed. 

According  to  the  open  plans ,  the  unreacted  ammonia  and  carbon 
dioxide  are  not  returned  to  the  cycle  ,  but  are  used  for  the  production 
of  nitrate,  sulfate  and  bicarbonate  of  ammonia,  ammonia  water  and 
other  products.  The  breakdown  of  ammonium  carbamate  according  to  the 
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open  plan  may  be  done  both  in  one  stage  (without  recirculation  of  the 
gases)  ,  and  in  two  stages  (with  partial  recirculation  of  the  gases). 

Recirculation  of  the  ammonia  and  carbon  dioxide  that  have  not 
be  converted  into  carbamide  and  are  returned  to  the  synthesis  cycle 
is  done  in  closed  systems.  The  unreacted  gases  can  be  recirculated 
by  several  methods  which  are  roughly  classified  as  follows: 

liquid  recycling  of  NI^  and  CO ^  in  the  form  of  aqueous  solutions 
of  ammonia  salts; 

recycling  of  an  oily  suspension  of  ammonium  carbamate; 

gas  recycling  based  on  extraction  from  the  gas  phase  of  one  of 
its  components  and  separate  return  of  NK^  and  CO2  to  the  synthesis 
cycle; 

recycling  of  hot  gases  (NH^  anc*  CO2)  . 

Because  of  the  continuous  increase  in  the  output  of  carbamide 
and  the  modern  trend  towards  enlargement  of  the  production  units  and 
decrease  in  the  specific  expenditures  in  production the  open  plans 
of  carbamide  synthesis  without  recirculation  of  the  gases  are  be¬ 
coming  less  efficient  and  are  losing  their  value.  The  units  with 
partial  recycling  are  used  and  continue  to  be  built  in  many  countries. 

Partial  Recycling 

The  plans  with  partial  recycling  stipulate  a  two-stage  distilr 
lation  of  the  melt  that  is  obtained  in  the  synthesis  column.  The 
ammonia  that  is  distilled  from  the  distillation  column  of  the  first 
stage  is  freed  of  carbon  dioxide  in  the  wash  column,  and  is  then 
condensed  at  30-37°C.  The  pressure  in  the  first  stage  of  distillation 
is  maintained  in  limits  of  16-18  atm.  The  pressure. in  the  second 
distillation  stage  is  close  to  atmospheric. 

The  process  of  producing  carbamide  with  partial  recycling  has 
become  fairly  popular  since  1954  in  the  Soviet  Union.  A  number  of 
domestic  enterprises  use  units  of  carbamide  synthesis  with  output 
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of  100  r/day.  The  basis  for  the  creation  of  technological  plans  to 
produce  carbamide  initially  on  an  open  cycle,  and  then  with  partial 
liquid  recycling,  and  finally,  with  complete  recycling  was  the 
results  of  extensive  scientific  research  work  done  back  in  1935  by 
B.  A.  Bolotov  and  V.  R.  Leman  jointly  with  colleagues  of  the  State 
Institute  of  High  Pressures  (GIVD)  ,  and  subsequent  work  of  the  GIAP, 
Chemorechenskiy  Chemical  Plant  and  the  Novomoskovskiy  Chemical 
Kombinat. 

The  plan  for  carbamide  production  with  partial  recycling  used 
in  the  USSR  is  shown  in  fig.  11-73. 

The  process  occurs  as  follows.  Carbon  dioxide  under  200  atm. 
pressure  enters  synthesis  column  1.  Liquid  ammonia  from  the  warehouse, 
prepurified  of  oil  is  sent  to  the  reception  vessel ,  from  which  it 
is  also  fed  into  the  synthesis  column  by  a  plunger  pump.  The  process 
of  synthesis  in  the  column  occurs  at  200  atm,  180-190°C,  and  with 
molar  ratio  of  002=3. 8-4. 

The  melt  formed  in  the  column,  whose  composition  includes 
carbamide ,  ammonium  carbamate ,  water  and  ammonia ,  is  regulated  to 
pressure  of  16-18  atm.  and  fed  to  column  2  of  first  stage  distillation. 
The  heat  needed  to  distill  the  ammonia  and  break  down  the  ammonium 
carbamate  is  supplied  from  extension  heat  exchanger  3  that  is  heated 
by  steam.  The  gas  phase  which  consists  of  ammonia,  carbon  dioxide  and 
water  vapors  enters  the  fractionation  column  5.  Here  the  ammonia  is 
freed  of  the  carbon  dioxide  that  is  absorbed  by  the  ammonia  water 
that  is  fed  to  sprinkle  this  column. 

The  purified  ammonia ,  together  with  inert  gases  goes  for  con¬ 
densation.  The  condensed  ammonia  is  further  returned  to  the  cycle, 
while  the  inert  gases  that  contain  a  certain  quantity  of  NH^  that 
depends  on  the  partial  pressure  of  its  vapors  under  conditions  of 
condensation ,  are  sent  to  the  shop  for  the  production  of  ammonium 
nitrate  (p.  194). 
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Figure  11-73.  Production  Plan  for  Carbamide  Production 
with  Partial  Recycling 

Key: 

1.  Synthesis  column 

2.  Distillation  column  of  first  stage 
3,8,10.  Preheaters 

4.  Spray  separator 
5,6.  Fractionation  columns 

7.  Distillation  column  of  second  stage 
9.  Collector  of  carbamide  solutions 

11.  Centrifugal  pumps 

12.  Ammonia  condenser 
n.  Steam 

k.  Condensate 

13.  To  atmosphere 

14.  Water 

15.  Return 

16.  Solution  of  ammonium  carbonate 

17.  Liquid 

18.  Ammonia  water 

19.  Distillation  gases 

20.  Inert  gases 

21.  To  apparatus  1 

22.  Carbamide  solution 


The  liquid  phase  (solution  of  ammonium  carbonate)  is  sent  from 
the  fractionation  column  to  distillation  or  to  the  synthesis  column. 
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The  carbamide  solution  from  distillation  column  2  of  the  first 
stage  is  regulated  to  absolute  pressure  of  1.5  atm.  and  enters  column 
7  of  second  stage  distillation.  Here  complete  breakdown  of  ammonium 
carbonate  and  distillation  of  ammonia  and  carbon  dioxide  occur.  The 
gas  mixture  is  sent  from  here  to  the  ammonium  nitrate  shop ,  while  the 
68-75%  solution  of  carbamide  is  sent  for  evaporation. 

The  solution  is  evaporated  in  a  film  type  evaporator  at 
residual  pressure  of  300-400  mm  Hg  and  temperature  of  125°C.  In  the 
production  of  crystalline  carbamide  that  is  mainly  intended  for 
technical  purposes  ,  the  solution  is  evaporated  only  in  one  stage 
to  a  concentration  of  91-93%.  Then  the  solution  enters  the  worm  type 
crystallizer  where  crystallization  and  drying  of  the  crystals  simul¬ 
taneously  occur  by  blowing  air  through  the  crystallizers.  A  product 
with  moisture  content  of  0.3%  emerges  from  the  crystallizers. 

In  the  production  of  granulated  carbamide  that  is  mainly  used 
by  agriculture,  the  solution  is  exposed  to  two-stage  evaporation.  In 
this  case ,  in  the  first  stage  the  solution  is  evaporated  to  a  concen¬ 
tration  of  94-95%  ,  in  the  second  (with  residual  pressure  of  15-60  mm 
Hg  and  temperature  of  140-143°C) — to  99.5-99.8%.  This  melt  is 
further  sent  to  the  granulation  tower. 

The  difference  between  partial  recycling  and  the  one-pass  pro¬ 
cess  (without  recirculation  of  the  gases)  is  that  the  quantity  of 
ammonia  in  the  exhaust  gases  in  the  plan  with  partial  recycling  is 
about  0.8  T  per  1  t  of  carbamide,  while  in  the  one-pass  process,  it 
rises  to  1.4  T  per  1  t  of  carbamide. 

Liquid  Recycling  of  and  COn  in  the  Form  of  Aqueous  Solutions  of 
Ammonium  Carbonate 

Plans  with  liquid  recycling  have  recently  been  used  more 
widely  in  the  production  of  carbamide.  Different  versions  of  these 
plans  that  basically  differ  little  from  each  other  ,  have  been 
developed  abroad  by  the  firms  "Kontekatini"  (Italy)  ,  "Toye-Koatsu" 
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(Japan)  ,  "Stamikarbon"  (Holland)  ,  "Inventa"  (Switzerland)  ,  "Dupont" 
(United  States),  etc. 

The  plan  of  the  firm  "Montekatini"  that  was  made  on  the  basis 
of  the  results  of  Fauzer's  work  is  realized  in  the  form  of  a  process 
with  complete  liquid  recycling  (fig.  11-74). 

Carbon  dioxide ,  fresh  liquid  ammonia  and  a  solution  of  ammonium 
carbonate  are  fed  into  the  synthesis  column  5  under  pressure  of 
190-200  atm.  The  process  of  carbamide  synthesis  in  the  column  occurs 
under  mild,  carefully  controlled  conditions.  The  degree  of  CO2  coni- 
version  in  this  case  is  about  68%.  Corrosion  is  almost  not  observed. 

The  melt  which  is  obtained  in  column  5  and  consists  of  carbamide , 
ammonium  carbamate ,  ammonia  and  water  is  regulated  to  pressure  of 
20  atm.  and  is  sent  to  preheater  7.  Here  the  ammonium  carbamate  at 
150°C  is  almost  completely  broken  down  into  NH3  and  CO2.  The  steam- 
liquid  mixture  goes  from  the  preheater  to  separator  13  of  the  first 
stage  where  the  gas  phase  is  separated  from  the  solution  of  carbamide, 
and  is  further  sent  to  condenser  14  of  the  first  stage.  Here  an 
aqueous  solution  of  ammonium  carbamate  is  formed.  It  is  fed  by 
pump  15  into  synthesis  column  5. 

At  the  exit  from  separator  13,  the  carbamide  solution  is 
regulated  to  pressure  of  2-5  atm.  and  enters  preheater  17,  and  then 
separator  19  of  the  second  stage.  In  these  units,  the  residue  of 
ammonium  carbamate  is  broken  down  into  ammonia  and  carbon  dioxide. The 
The  gas  phase  is  condensed  and  absorbed  in  apparatus  18  with  the 
formation  of  an  aqueous  solution  of  ammonium  carbonate.  It  is  re- 
oumped  into  condenser  14  of  the  first  stage.  Here  this  solution  is 
finished  saturating  and  also  enters  the  synthesis  column.  Thus, 
the  unreacted  NH^  and  CO2  circulate. 

The  solution  of  carbamide  that  is  freed  of  ammonia  and  carbon 
dioxide,  goes  from  separator  19  through  collector  20  ,  through  filter 
press  22  into  evaporator  21.  From  here,  the  melt  is  transferred 
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Figure  11-74.  Production  Plan  for  Carbamide  Production 
according  to  ' 'Mont ekat ini"  Method 


Key: 
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Water 

To  vacuum  pumps 
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granulation  tower  25.  The  granules  are  unloaded  from  the  lower  part 
of  the  tower  and  sent  by  conveyer  for  bagging  and  further  to  the 
warehouse. 


The  basic  difference  between  the  "Montekatini"  plan  and  other 
plans  with  liquid  recycling  is  that  all  the  surplus  ammonia  is  con¬ 
densed, and  jointly  with  the  carbamate  in  the  form  of  an  aqueous 
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solution  is  sent  to  the  synthesis  column.  In  addition,  in  order  to 
obtain  a  more  concentrated  solution  of  ammonium  carbonate,  the  first 
condensation  stage  is  done  at  pressure  of  roughly  20  atm. 

The  iplan  of  the  "Toye-Koatsu"  firm  is  shown  in  fig.  11-75. 

Carbon  dioxide  is  sent  by  compressor  1,  liquid  ammonia  by  pump  4,  and 
a  solution  of  ammonium  carbamate  by  pump  8  under  pressure  of  230-250 
atm.  to  synthesis  column  5.  The  carbamide  is  synthesized  at  230  atm. 
and  180-190°C.  The  melt  is  dosed  from  the  synthesis  column  to 
pressure  of  17  atm.  and  enters  the  heated  separator  6  in  which 
almost  complete  breakdown  of  ammonium  carbonate  and  distillation  of 
ammonia  and  carbon  dioxide  occur  at  155-158°C. 

The  solution  of  carbamide  is  dosed  from  separator  6  into 
separator  9  of  the  second  stage,  where  at  gage  pressure  of  1.5-2  atm. 
and  135°C  all  the  ammonium  carbamate  is  completely  decomposed  and 
the  ammonia  and  carbon  dioxide  are  distilled. 

For  final  separation  of  ammonia  and  carbon  dioxide ,  the  solution 
of  carbamide  is  sent  to  gas  separator  12,  from  which  it  enters  through 
cooler  13  for  vacuum  crystallization  in  apparatus  16.  The  crystals 
are  separated  from  the  solution  in  centrifuge  17 ,  then  dried  and 
sent  to  the  warehouse  as  a  commercial  product.  If  it  is  necessary 
to  produce  granulated  carbamide ,  the  crystals  are  sent  to  the  melter 
in  tower  19.  Passing  through  the  filter,  the  carbamide  melt  enters 
the  stationary  granulators  of  tower  19.  The  granules  are  collected 
in  its  lower  part,  cooled  in  the  fluidized  bed,  and  further  trans¬ 
ported  to  the  warehouse. 

The  mother  liquor  from  the  centrifuge  is  returned  to  the 
synthesis  cycle  (not  shown  in  the  figure)  through  absorbers  10  and  7. 

In  these  apparatus  ,  the  solution  absorbs  ammonia  and  carbon 
dioxide  which  are  separated  in  separators  9  and  6.  The  concentrated 
solution  of  ammonium  carbonate  from  absorber  7  is  repumped  into 
synthesis  column  5.  The  ammonia  which  is  purified  from  CO2  in 
absorber  7  enters  condenser  2 ,  then  collector  3 ,  from  which  it  is 
fed  together  with  fresh  liquid  ammonia  by  pump  4  into  the  synthesis 
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Figure  11-75.  Technological  Plan  for  Production 
of  Carbamate  according  to  "Toye-Koatsu"  Method 

Key: 

1.  Compressor 

2.  Condenser 

3.  Ammonia  collector 

4 .  Ammonia  pump 

5.  Synthesis  column 
6,9,12.  Separators 

7.10.  Absorbers 

8.11.  Carbamate  pumps 

13.  Cooler 

14.  Air  blower 

15.  Centrifuge  pimps 

16.  Vacuum  crystallizer 

17.  Centrifuge 

18.  Dryer 

19.  Granulation  tower 

20.  Water 

21.  Steam 


22.  Air 

23.  To  vacuum  pump 

24.  Crystals 

25 .  Granules 

column.  Thus,  NH^  and  CO2  are  completely  recycled. 

Plan  of  the  firm  "Stamikarbon. "  In  contrast  to  the  plan  of 
"Montekatini"  in  which  all  the  ammonia  is  returned  to  the  synthesis 
column  in  the  form  of  a  solution,  of  ammonium  carbonate  ,  and  the 
"Toye-Koatsu"  plan  where  the  ammonia  and  carbon  dioxide  are  absorbed 
by  the  mother  liquor  which  contains  up  to  40Z  carbamide ,  according 
to  the  plan  of  the  firm  "Stamikarbon"  (fig.  11-76)  ,  the  unreacted 
ammonia  and  carbon  dioxide  are  returned  to  the  synthesis  column  in 
the  form  of  an  aqueous  solution  of  ammonium  carbonate  obtained  during 
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Figure  11-76.  Technological  Plan  for  Production  of  Carbamide  by 
"Stamikarbon"  Method 

Keys 

1.  Compressor 

2.  Filter 
3,24,32.  Collector 

4,30.  Coolers 
5  ,10  ,20  ,25.  Pumps 
6,13,18.  Preheaters 

7.  Synthesis  columm 

3 .  Mixer 

9.  Wash  column 
11,21.  Condensers 
12,16,  Rectification  columns 
14,19,28.  Separators 
15.  Buffer  vessel 
17.  Scrubber 

22.  Leveling  vessel 

23.  Vacuum- evaporator 

26.  Pressure  tank 

27 .  Evaporators 
2^  Absorber 

31 .  Desorber 

33.  Heat  exchanger 
k.  Condensate 

n.  Steam 

34.  Water 

35.  Condensate 

36.  To  vacuum  pump 

37.  Solution  to  crystallization 

38.  Melt  to  granulation 

39.  To  drain'  svstem 


tvo-stage  distillation  of  the  melt. 

In  order  to  prevent  corrosion  of  compressor  1 ,  carbon  dioxide 
is  exposed  to  preliminary  drying  to  moisture  content  of  1  g/nf*.  For 
this  purpose  ,  oxygen  is  added  to  the  carbon  dioxide  fed  into  the 
synthesis  column,  as  well  as  into  the  distillation  system  in  such  a 
quantity  that  the  gas  mixture  contains  0.5-0. 7  vol.%  C^. 

The  dried  carbon  dioxide  with  admixture  of  oxygen  is  fed  by 
compressor  1  into  mixer  8  in  which  the  same  pressure  is  maintained 
as  in  the  synthesis  column,  i.e.  ,  190-200  atm.  Liquid  ammonia  that 
enters  from  the  warehouse  is  purified  in  filter  2  from  the  catalyst 
dust  and  partially  from  oil.  It  is  then  fed  into  collector  3.  The 
return  liquid  ammonia  from  the  water  cooler-condenser  4  also  enters 
here.  The  liquid  ammonia  is  fed  through  preheater  6  from  the  collec¬ 
tor  to  mixer  8.  The  solution  of  ammonium  carbonate  from  wash 
column  9  is  also  pumped  here. 

Apparatus  8  is  intended  for  preliminary  mixing  of  ammonia  and 
carbon  dioxide.  At  a  temperature  of  175°C  in  the  mixer,  partial 
formation  of  ammonium. carbamate  and  carbamide  begins.  The  mixture 
of  ammonium  carbamate ,  ammonia ,  water  and  carbamide  enters  from  the 
mixer  into  column  7.  Here  carbamide  is  synthesized  at  190-200  atm. 
and  180-190°C. 

The  melt  is  regulated  from  the  synthesis  column  to  pressure  of 
17-18  atm  and  enters =6he  rectification  column  12  where  surplus  ammonia 
is  distilled  at  158-163°C  and  ammonium  carbamate  is  decomposed.  The 
heat  needed  for  these  processes  is  fed  to  the  solution  from  the 
extension  heat  exchanger  13. 

The  gas  phase  is  separated  from  the  liquid  phase  in  separator 
14,  passes  through  column  12,  and  after  combining  with  the  gas  phase 
released  from  this  column,  enters  wash  column  9.  Here  the  ammonia 
is  purified  of  carbon  dioxide  and  sent  to  apparatus  11  where  it  is 
condensed,  and  then  flows  into  collector  3.  Part  of  the  liquid 
ammonia  that  is  obtained  in  condenser  11  is  used  to  remove  absorption 
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beat  from  the  wash  column.  For  final  washing  from  ammonia,  the 
inert  gases  ,  when  they  lack  combustible  admixtures  ,  go  from  apparatus 
11  into  scrubber  17  that  is  sprinkled  by  condensate.  In  this  case, 
ammonia  water  is  formed  in  the  scrubber.  It  is  sent  for  sprinkling 
of  column  9.  When  there  are  combustible  admixtures,  the  inert  gases 
are  sent  from  the  condenser,  by-passing  scrubber  17,  to  the  ammonium 
nitrate  shop  or  are  recovered  for  other  purposes. 

At  the  outlet  from  separator  14  ,  the  solution  is  regulated  to 
pressure  2-3  atm.  and  sent  to  column  16  of  second  stage  rectification. 
The  solution  is  heated  to  140-142°C  in  extension  preheater  18.  The 
gas  phase  is  separated  from  the  liquid  in  separator  19. 

The  gas  phase  enters  through  rectification  column  16  to  con¬ 
denser  12  of  the  second  stage  where  the  gases  are  condensed  and 
absorbed  by  water  with  the  formation  of  a  solution  of  ammonium 
carbonate.  The  solution  through  leveling  vessel  22  enters  the 
suction  line  of  carbamate  pump  20 ,  from  which  it  is  fed  into  the 
lower  part  of  wash  column  9.  The  concentrated  solution  of  ammonium 
carbonate  is  pumped  from  the  wash  column  into  mixer  8. 

The  ammonia  and  carbon  dioxide  that  are  not  absorbed  in  con¬ 
denser  21  are  sent  to  the  absorption-desorption  unit  (apparatus  29- 
33).  After  absorption  and  desorption,  NH^  and  CC^are  returned 
to  the  second  stage  condenser. 

The  solution  of  carbamide  from  separator  19  enters  vacuum 
evaporator  23  where  the  concentration  of  CCXNH^^  in  the  solution 
increases  to  74%.  The  solution  is  further  sent  for  crystallization 
or  evaporation. 

In  the  production  of  granulated  carbamide  ,  the  solution  is 
evaporated  to  a  concentration  of  99.8%  COdT^^  in  a  two-stage 
vacuum- evaporator  (apparatus  27,  28).  The  residual  pressure  in  the 
first  stage  of  evaporation  is  300-400  mm  Hg  ,  in  the  second  stage  it 
is  40-15  mm  Hg.  The  vacuum  in  the  evaporation  system  is  created 


V/  a  steam-ejection  vacuum  pump.  The  carbamide  melt  from  the 
second  apparatus  28  is  repumped  into  the  upper  part  of  the  granulation 
tower.  The  granules  are  unloaded  from  the  tower  by  a  special 
mechanism,  ar.d  by  a  system  of  conveyer  devices  is  sent  for  classi¬ 
fication.  In  this  case  it  is  possible  to  obtain  two  fractions: 
fodder  carbamide  (granules  0.2-1  mm  in  size)  and  carbamide  for 
fertilizer  (granules  1-2.4  mm  in  size). 


The  quality  indicators  for  the  granulated  carbamide  obtained 
by  the  method  of  the  firm. "Stamikarbon"  and  domestic  carbamide  for 
agriculture  (GOST  2081-63)  : 


Indicators 

Fodder 

carbamide 

t 

"Stamikarbon" 
for  fertilizer 

Carbamide 
(GOST  2081- 
63) 

Nitrogen  content, %,  no  less 

46 

46.1 

46 

Admixtures ,  % ,  no  more 

Biuret 

1 

1 

1 

Moisture 

0.3 

0.3 

0.3 

Granule  content  (in  %)  of 

dimensions 

1 

over  1  mm 

less  than  5 

- 

Two  fraci- 

tions* 

less  than  0.2  mm 

less  than  5 

- 

over  2 . 4  mm 

- 

less  than  5 

less  than  1  mm 

- 

less  than  5 

*  | 

Fraction  l--no  less  than  90%  granules  0.2-1  mm  in  size  (no  more  than 
5%  granules  over  3  mm),  fraction  2--no  less  than  90%  granules  1-2.5  mm 
in  size. 


Recycling  of  Oily  Suspension  of  Ammonium  Carbamate 

This  process,  which  has  been  called  the  "Peshine"  method,  was 
developed  in  France  and  designed  by  the  firm  "Foster-Wiler"  for 
two  plants  in  the  United  States  that  were  put  into  operation  in  1954 
and  in  1956. 

The  feature  of  this  process  is  recirculation  of  ammonium 
carbamate  in  the  form  of  an  easily  mobile  oily  suspension  containing 
up  to  50%  carbamate.  It  i3  injected  into  the  synthesis  column  simul¬ 
taneously  with  the  fresh  portions  of  liquid  ammonia  and  carbon 
dioxide.  Because  of  difficulties  that  arise  in  the  start-up  and 


operation  of  these  units  ,  and  the  insufficiently  good  technical 
and  economic  indicators  of  the  process,  the  "Peshine"  method  has  ■ 
not  become  popular. 

Gas  Recycling  with  Extraction  of  One  Gas  Component  and  Separate 
Return  of  NHo  and  CO 2  to  the  Process 

The  Swiss  firm  "Inventa"  has  developed  an  industrial  process  of 
gas  recycling  which  is  based  on  selective  absorption  of  ammonia  by 
an  aqueous  solution  of  ammonium  nitrite  and  carbamide. 

The  firm  "Chemico"  (United  States)  has  developed  and  implemented 
on  an  industrial  scale  gas  recycling  that  is  based  on  selective 
absorption  of  carbon  dioxide  by  an  aqueous  solution  of  oonoethanol 
amine.  Below  are  the  consumption  coefficients  for  1  f  of  carbamide 
that  can  be  obtained  by  the  method  of  the  firm  "Chemico" : 

Ammonia,  V  0.58  Steam,  To  3. 8-4.0 

Carbon  dioxide  ,T  0.78  Water,  mJ  170-200 

Electricity ,  kW  x  h  240 

The  listed  plans  of  gas  recycling  are  inferior  in  technical 
and  economic  indicators  to  the  plans  with  liquid  recycling,  therefore 
gas  recycling  has  not  become  popular. 

Recycling  of  Hot  Gases  (NH^  and  COo) 

The  plan  of  Bosch  and  Meyzer  with  recirculation  of  hot  gases 
was  previously  realized  by  the  German  firm  IG.  The  recycling  is  done 
by  compression  with  a  piston  compressor  of  a  moist  mixture  of 
ammonia  and  carbon  dioxide  to  pressure  of  synthesis  ,  and  by  feeding 
the  mixture  through  a  heat  exchanger  into  the  synthesis  column.  In 
this  case,  the  degree  of  conversion  of  ammonia  into  carbamide  reached 
90Z.  However,  the  operation  of  the  compressor  was  associated  with 
great  difficulties  because  of  the  need  to  maintain  the  temperature 
of  the  gas  above  2 00°C  to  avoid  condensation  of  its  components  and 
precipitation  of  the  solid  salts.  This  plan  was  not  restored  in  the 
post-war  period. 
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Figure  11-77.  Plan  for  Production  of 
Carbamide  by  Thermal  Method  "Chemico" 
(with  turbocompressor) 

Key: 

1 .  Carbon  dioxide  compressor 

2.  Ammonia  pump 

3.  Turbocompressor 

4.  Heat  exchanger  (synthesis 
column) 

5.  Absorber 

6.  Cooler 

7.  Separator 

8.  Distillation  column  of  first 
stage 

9.  Distillation  column  of  second 
stage 

10.  Centrifugal  pumn 
n.  Steam 

k.  Condensate 

11.  Inert  gases 

12.  Water 

13.  Solution 


In  1955  ,  the  firm  "Chemico"  patented  a  process  for  recycling 
hot  gases  (thermal  process)  that  is  based  on  their  adiabatic 
compression  in  a  turbocompressor.  According  to  this  plan,  the  un¬ 
reacted  ammonia  and  carbon  dioxide  are  returned  to  the  cycle  in  the 
form  of  gases  and  it  is  possible  to  use  a  large  part  of  the  heat  that 
is  released  in  the  process  of  synthesis.  The  breakdown  of  ammonium 
carbamate  in  the  described  thermal  process  occurs  in  several  stages 
with  different  pressures:  for  example,  in  the  first  stage  at 
pressure  70  atm.  ,  in  the  second  stage  at  pressure  14-28  atm.  ,  and  in 
the  third  at  pressure  close  to  atmospheric. 


The  plan  for  production  of  carbamide  according  to  the  thermal 
method  of  "Chemico"  is  given  in  fig.  11-77. 


Carbon  dioxide  is  compressed  by  compressor  1  and  ammonia  by 
pump  2  to  synthesis  pressure  (140-420  atm.).  They  are  mixed  with  the 
recirculating  hot  gas  stream  which  has  a  temperature  of  315-535°C. 
After  mixing,  the  stream  of  gas  at  a  temperature  of  200-260°C  enters 
the  synthesis  column-heat  exchanger  4,  where  carbamide  is  formed. 

The  reaction  heat  i3  consumed  for  the  production  of  steam.  The  melt 
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that  emerges  from  the  heat  exchanger  is  regulated  to  pressure  of  15- 
?0  atm.  and  sent  to  separator  7.  The  gas  phase  from  the  separator 
enters  the  pressure  line  of  turbocompressor  3.  The  solution  is  sent 
to  column  8  of  first  stage  distillation. 

The  gas  phase  from  column  8  ,  together  with  the  gases  from 
separator  7  enter  turbocompressor  3.  The  solution  is  regulated  to 
gage  pressure  of  0.5-4  atm.  and  sent  to  column  9  of  second  stage 
distillation. 


Gaseous  ammonia  and  carbon  dioxide  together  with  the  water 
vapors  enter  from  column  9  to  absorber  5  where  they  are  absorbed  by 
the  solution  circulating  through  cooler  6.  Part  of  the  solution  is 
continually  repumped  into  column  8 .  The  steam  obtained  in  the 
reactor  is  used  to  warm  up  the  distillation  column  and  for  evapora¬ 
tion. 

By  now,  improved  systems  of  the  thermal  process  have  been 
patented  with  more  efficient  use  of  heat  that  is  released  in  the 
process  of  synthesis  and  in  the  compression  of  the  gas  mixture. 
Realization  of  the  thermal  process  will  make  it  possible  to  signi¬ 
ficantly  reduce  the  consumption  of  energy  resources. 

Below  are  the  sample  consumption  coefficients  for  1  t  of  car¬ 
bamide  obtained  according  to  the  thermal  method: 


Drive 


Ammonia ,  t 
Carbon  diox 
Steam,  To 
Water,  nr 
Electricity , 
Fuel  (105  kc 


kW 

cal) 


electric  motor 

steam  turbine 

0.58 

0.58 

z 

0.74 

0.74 

None 

None 

None 

42 

x  h 

250 

33 

None 

15.8 

Improvement  in  the  Process  of  Carbamide  Synthesis 


99 

The  firm  "Stamikarbon"  has  developed  a  stripping  process  for 
production  of  carbamide.  Synthesis  occurs  at  pressure  of  130-150  atm. 
temperature  of  170-190°C  and  NH-^CC^  ratio  equal  to  2.5:1.  The 
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Figure  11-78.  Plan  for  Production  of 
Carbamide  according  to  Stripping  Process 
of  "Stamikarbon"  Firm 

Key : 

1.  Synthesis  column 

2.  Stripping  column 

3.  Gas  blower 

4 .  Condenser 

5 .  Pump 

6.  Return  gases 

7.  Water 


ammonium  carbonate  is  broken  down  in  stripping  column  2  at  pressure 
close  to  the  synthesis  pressure  (fig.  11-78). 

Carbon  dioxide  is  fed  to  the  lower  part  of  the  stripping  column 
to  blow  through  the  carbamide  melt.  In  this  case,  the  ammonium 
carbamate  is  broken  down  into  NH^  and  CO2.  The  gas  phase  is  fed  by 
gas  blower  3  into  condenser  4  where  the  ammonia  and  carbon  dioxide 
are  condensed  with  the  formation  of  ammonium  carbamate.  Its  melt 
is  returned  by  pump  5  to  synthesis  column  1.  The  heat  which  is 
released  during  the  formation  of  ammonium  carbamate  is  used  to 
produce  steam  that  is  consumed  in  the  evaporator. 

The  solution  of  carbamide  that  contains  up  to  8%  and  6%  CO2 
is  regulated  at  the  outlet  of  the  stripping  column  to  gage  pressure 
of  2-5  atm.  It  is  sent  to  the  second  distillation  stage  where  it  is 
finally  freed  of  the  carbamate  and  ammonia.  The  gas  mixture 
CO2  ,  H2O)  is  trapped  and  again  returned  to  the  cycle. 

A  similar  process  has  been  developed  by  the  SNAM  fiim.  In  its 
version,  ammonia  is  fed  to  the  stripping  column  instead  of  carbon 
dioxide.100 


The  Japanese  firm  "Toye-Koatsu"  has  developed  a  method  of 
efficient  cooperation  for  the  production  of  ammonia  and  carbamide. 

In  this  method,  the  heat  of  the  converted  gas  from  the  production  of 
ammonia  is  used  in  the  distillation  assemblies  for  the  production 
of  carbamide  to  break  down  the  ammonium  carbamate  and  distill  the 
ammonia  and  carbon  dioxide.  The  converted  cooled  gas  is  then 
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compressed  to  pressure  of  ammonia  synthesis  and  is  fed  to  a  special 
scrubber-washer  for  absorption  of  carbon  dioxide  by  an  aqueous 
solution  of  ammonia  or  ammonium  carbonate.  The  temperature  in  the 
upper  part  of  the  scrubber  is  maintained  below  100°C,  and  in  the 
lower,  in  the  interval  of  13Q-18Q°C  for  more  complete  absorption  of 

co2. 

The  solution  of  ammonium  carbonate  is  fed  from  the  high 
pressure  scrubber  together  with  fresh  liquid  ammonia  to  the  column 
of  carbamide  synthesis.  The  purified  converted  gas  enters  for 
ammonia  synthesis. 

The  production  plan  for  the  synthesis  of  carbamide  is  similar 
to  the  plan  with  liquid  recycling,  with  the  exception  that  the 
"Toye-Koatsu"  plan  lacks  a  carbon  dioxide  compressor,  and  the  solution 
of  ammonium  carbonate  is  preliminarily  fed  to  the  s crubber -washer . 

It  is  sent  from  here  together  with  fresh  ammonia  by  gravity  flow  to 
the  carbamide  synthesis  column.  The  solution  of  carbamide,  after 
distillation,  goes  for  evaporation  and  is  reprocessed  by  the  standard 
method. 

Table  11-59  presents  the  consumption  coefficients  for  1  XT  of 
carbamide  that  can  be  obtained  according  to  the  plans  of  certain 
foreign  firms. 

TABLE  11-59.  CONSUMPTION  COEFFICIENTS  FOP.  1  T  OF  CARBAMIDE 
OBTAINED  BY  PLANS  OF  FOREIGN  FIRMS 


Articles  of  consumption 

f 

• 

- p r" 

•Crwrampfew 

■Tok-KanM 

(iKanxomto* 

panmui) 

tXoAito* 

(!? 

si 

dV 

111 

1 

C  B 

—(FY 

fl 

u 

I8 

§s 

lift 

n 

111 

Ammonia ,  T 

Carbon  dioxide  ,  T 

Steam,  T 

Electricity ,  kw  x  h 

Water ,  tn^ 

0.58 

0.78 

1.5 

180 

WO 

0.58 

0.77 

15 

150 

|i»> 

0.57 

0,77 

0.3 

120 

55 

0.585 

0-788 

185 

185 

110 

0.573 

0.753 

Hi 

ISO 

too 

0.58 
0.75  , 
105  C 

170 

0.58 

0-74 

SllST 

250 

0.58 

0.78 

0-0 

150 

Key: 

1 .  "Montekatini" 

2.  ’IStanikarbon" 
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3.  "Toye-Koatsu"  (liquid  recycling) 

4.  "Chemico" 

5.  SNAM  (stripping  process) 

6.  Liquid  recycling 

7.  Stripping  process 
C.  Old  method 

9 .  New  method 

10.  Complete  recycling  (old  method) 

11.  Thermal  process 

12.  None 

In  the  development  of  the  domestic  highly  efficient  plan  for 
carbamide  production,  the  already  mastered  processes  were  primarily 
improved.  A  check  was  made  on  the  experimental-industrial  units 
of  new  processes  ,  and  based  on  the  findings  ,  a  plan  was  created  for 
the  production  of  carbamide  with  gas  recycling.  It  was  not  inferior 
in  technical  and  economic  indicators  to  the  similar  foreign  plans. 
However ,  it  could  not  compete  with  the  plan  for  recycling  ammonia  and 
carbon  dioxide  in  the  form  of  an  aqueous  solution  of  ammonium  car¬ 
bonate.  The  shops  for  the  production  of  carbamide  that  worked  with 
gas  recycling  were  therefore  switched  to  liquid  recycling.  Further 
planning  of  new  units  of  carbamide  synthesis  is  only  being  done  on 
the  basis  of  this  last  plan. 

Complete  Liquid  Recycling 

The  plan  for  production  of  carbamide  with  complete  liquid 
recycling  is  shown  in  fig.  11-79. 

Carbon  dioxide  enters  through  the  dehumidif ier  -  6  into  the 
suction  line  of  carbon  dioxide  compressor  7.  In  order  to  prevent 
corrosion  of  the  synthesis  column,  oxygen  is  added  to  the  carbon 
dioxide  (0.5  vol.%  of  the  quantity  of  original  gas).  The  carbon 
dioxide  is  sent  from  the  compressor  at  pressure  of  180-200  atm.  to 
mixer  10  before  synthesis  column  9. 

Liquid  ammonia  comes  from  the  warehouse  at  pressure  of  12-14 
atm.  to  ammonia  pumps  1.  They  repump  it  through  filters  2  into 
storage  tank  3.  The  return  ammonia  also  enters  here  from  condenser 
40.  The  pressure  in  the  storage  tank  is  determined  by  the  pressure 
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Figure  11-79-  Technological  plan  for  production  of  carbamide  with 
complete  liquid  recycling. 

1  -  Pumps  to  add  liquid  ammonia;  2  -  Ammonia  filters;  3  -  Storage 
tank  (collector)  of  ammonia;  4,  14,  17  -  preheaters;  5  -  high 
pressure  ammonia  pump;  6  -  dehumidifier;  7  -  carbon  dioxide  compressor; 
8,  42  -  ammonia  coolers;  9  -  synthesis  column;  10  -  mixer;  11,  34  - 
pumps  to  repump  ammonium  carbonate  solutions;  12  -  wash  column;  13, 

16  -  rectification  columns;  15,  18  -  separators;  19  -  vacuum  evapo¬ 
rator;  20  -  condensate  collector;  21,  23  -  condensers;  22,  29  - 
carbamide  solution  collectors;  24  -  constant  pressure  vessel;  25  - 
absorption  column;  26  -  desorption  column;  27  -  cooler;  28  -  heat 
exchanger;  30  -  oil  separator;  31,  32,  3  ,  37  -  centrifugal  pumps; 

33  -  vacuum  pump;  35  -  collector;  38  -  ammonia  evaporator;  39  - 
scrubber;  40  -  ammonia  condenser;  41  -  buffer  vessel;  k  -  condensate. 
Key:  (43)  Water;  (44)  ttrogen;  (45)  Steam;  (46)  Condensate;  (47) 

Condensate  of  liquor  steam;  (48)  To  atmosphere;  (49)  From  blower; 

(50)  Oil;  (51)  To  drain  system;  (52)  Solutions  of  carbamide  for  re¬ 
processing. 


of  the  first  distillation  stage  which  is  usually  17-18  atm.  In 
order  to  maintain  constant  pressure  in  the  storage  tank,  nitrogen 
is  added.  The  liquid  ammonia  is  fed  from  the  storage  tank  by  plunger 
pump  5uunder  pressure  of  180-200  atm.  through  preheater  4  into  mixer 
10.  Ammonia  and  carbon  dioxide  that  have  not  been  converted  into 
carbamide  also  enter  the  mixer  in  the  form  of  a  concentrated  solution 
of  ammonium  carbonate.  The  molar  ratio  of  NH^:  00:^0  in  the  mixer 
is  4:1:  (0.5-0. 6). 

With  temperature  of  175°C  and  pressure  of  180-200  atm.  in  the 
mixer,  formation  of  ammonium  carbamate  and  carbamide  begins.  The 
melt  which  consists  of  carbamide,  ammonium  carbamate,  ammonia  and 
water,  enters  from  the  mixer  into  the  lower  part  of  synthesis  column 
9.  Here  at  l80°C  and  the  indicated  pressure,  the  reactions  of 
ammonium  carbamate  and  carbamide  formation  continue. 

At  the  outlet  from  the  synthesis  column,  the  melt  Is  regulated 
to  pressure  of  18  atm.  and  sent  to  rectification  column  13  of  first 
stage  synthesis.  With  a  drop  in  pressure,  part  of  the  surplus 
annonia  is  separated  from  the  melt,  and  ammonium  carbamate  Is  broken 
down.  Consequently,  the  temperature  of  the  melt  is  reduced  from 
185-190°C  roughly  to  120°C. 

The  liquid  phase  comes  from  the  rectification  column  into 
apparatus  14  where  it  Is  heated  to  156-l60°C.  In  this  case,  almost 
all  the  surplus  ammonia  is  released  from  the  melt  and  the  greater  part 
of  the  ammonium  carbamate  is  broken  down. 

The  steam-liquid  mixture  comes  from  preheater  14  to  separator 
15  where  the  gas  phase  is  separated  from  the  liquid.  The  gas  phase 
at  temperature  of  156-l60°C  Is  returned  to  the  lower  part  of 


reccif icacion  column  12.  Here  heat  exchange  occurs  between  the  333 
and  the  liquid,  and  the  gas  that  is  cooled  to  roughly  120°C  emerges 
from  the  upper  part  of  the  rectification  column  13  into  wash  column 
12. 


The  wash  column  is  sprinkled  by  liquid  ammonia  and  a  condensate 
of  liquor  vapor.  A  solution  of  ammonium  carbonate  obtained  in 
second  stage  condenser  23  is  fed  into  its  lower  part.  About  90%  of 
the  carbon  dioxide  is  absorbed  in  column  12  by  a  solution  of  ammonium 
carbonate.  The  remaining  10%  CO 2  is  absorbed  in  the  upper  part  of 
the  wash  column. 

Liquid  ammonia  is  fed  into  the  wash  column  also  to  regulate 
the  absorption  temperature.  It  is  distributed  roughly  as  follows: 

10%  of  the  total  quantity  of  NHg  enters  the  lower  oart ,  90%  to  the 
top  of  column  12.  Liquid  ammonia  can  enter  the  column  by  gravity 
flow  from  condenser  40  or  be  repumped  by  centrifugal  pumps. 

Ammonia  water  from  the  tail  scrubber  39  or  condensate  of 
liquor  vapor  from  collector  20  at  20-25  atm.  pressure  are  also  fed 
for  sprinkling  the  wash  column. 

Pure  gaseous  ammonia  at  temperature  of  45-50 °C  is  sent  from 
the  wash  column  to  the  ammonia  condenser  40.  From  here,  the  liquid 
(return)  ammonia  is  fed  to  storage  tank  3  where  it  is  mixed  with 
fresh  ammonia  coming  from  the  warehouse. 

The  concentrated  solution  of  ammonium  carbonate  from  the  wash 
column  at  temperature  98-100°C  enters  the  suction  line  of  the  plunger 
pumps  11,  and  under  pressure  of  180-200  atm.  is  repumped  into  mixer 
10. 

The  liquid  phase  from  separator  15  of  the  first  distillation 
stage,  containing  carbamide,  ammonium  carbamate,  ammonia  and  water 
is  throttled  to  pressure  of  3  atm.  and  is  sent  to  rectification 
column  16  of  the  second  stage.  Like  the  first  distillation  stage, 
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the  second  stage  consists  of  a  rectification  column  16  in  which 
heat  exchange  occurs  between  the  liquid  and  gas  ohases  of  preheater 
17,  where  the  solution  is  heated  to  135-140°C,  and  separator  18 
where  the  gas  phase  is  separated  from  the  liquid  phase. 

Final  breakdown  of  ammonium  carbamate  and  distillation  of  the 
surplus  ammonia  from  the  solution  occur  in  the  second  stage  of 
distillation.  The  gas  mixture  which  consists  of  ammonia,  carbon 
dioxide  and  water  vapors ,  enters  from  the  second  stage  of  distillation 
into  condenser  23.  Here  the  water  vapors  are  condensed  and  the 
formed  condensate  absorbs  ammonia  and  carbon  dioxide.  In  this  case  a 
solution  of  ammonium  carbonate  is  formed.  The  heat  that  is  released 
during  absorption  is  removed  by  the  cooling  water.  The  solution  is 
poured  from  the  upper  part  of  condenser  23  into  constant  pressure 
vessel  24.  From  here  it  goes  into  the  suction  of  carbamate  pump  34. 

It  feeds  the  solution  into  the  lower  part  of  wash  column  12. 

The  liquid  phase  which  contains  about  70%  carbamide  is 
regulated  from  separator  18  of  the  second  distillation  stage  and  is 
sent  to  vacuum  evaporator  19  where  absolute  pressure  of  300  mm  Hg  is 
maintained.  As  a  result  of  self -evaporation  of  water  from  the  solution, 
solution ,  its  concentration  is  increased  to  74%  Further, 

the  74%  solution  is  removed  through  a  barometric  pipe  into  collector 
29.  It  is  pumped  from  here  into  the  evaporator. 

The  carbamide  solution  is  evaporated  in  two  stages.  In  the 
first  stage  of  evaporation,  the  solution  with  absolute  pressure  of 
300  mm  Hg  and  temperature  of  125°C  is  evaporated  to  a  concentration 
of  95-96 %  carbamide.  In  the  second  stage  of  evaporation,  with 
absolute  pressure  of  20-50  mm  Hg  and  temperature  of  I35-140°C,  the 
solution  is  evaporated  to  a  concentration  of  99.8% 

A  vacuum  is  created  in  the  evaporator  by  steara-ej ecticn  devices. 
The  liquor  vapors  are  sent  to  condensers.  The  condensate  is  trans¬ 
ferred  to  vessels.  Part  of  the  condensate  is  consumed  for  technolo¬ 
gical  needs,  The  remaining  condensate  is  .used  for  absorption  of  the 
exhaust  and  blow-off  gases  which  contain  ammonia  that  is  absorbed 


TABLE  11-60.  MATERIAL  BALANCE  OF  SYNTHESIS  COLUMN 


Comnonents 

Inout 

Output 

(melt) 

Liquid 

ammonia 

Carbon 

dioxide 

Solut 
of  am 
nium 
bonat 

ion 

mo- 

car- 

e . 

_ kg 

_  Z 

kg 

% 

kg 

Z 

kg 

Z 

Ammonia 

KHF^iTil 

503.3 

SfiJfJ  l 

1526 

42.4 

Carbon  dioxide 

- 

745 

97.9 

459.6 

SR 

460 

12.8 

Water 

3.33 

0.2 

0.4 

0.06 

268.2 

iK 

580 

16.0 

Carbamide 

- 

- 

- 

- 

0.17 

0.01 

1014 

28.4 

Inert  gases 

- 

15.4 

2.04 

- 

- 

15.4 

0.4 

Total 

1603.33 

100 

760.8 

100 

1231.27 

100 

3595.4 

100 

Total  input:  1603.33  +  760.8  +  1231.27  =  3595.4  kg  equals  output. 


by  the  circulating  cooled  solution  of  ammonium  carbonate.  The 
circulation,  is  done  with  the  help  of  centrifugal  pumps  36.  The 
inert  gases  from  absorber  25  are  removed  into  the  atmosphere. 

The  circulating  solution  is  continually  fed  through  heat 
exchanger  28  into  desorber  26.  At  pressure  of  3  atm.  and  temperature 
of  133°C,  the  ammonium  carbonate  is  broken  down  here  into  ammonia 
and  carbon  dioxide.  These  gases  are  sent  to  condenser  23  of  the 
second  distillation  stage.  The  water  that  is  freed  from  NHg  and 
CC>2  is  cooled  to  40 °C  and  drained  into  the  drainage  system. 

The  carbamide  melt  is  pumped  from  the  separator  of  the  second 
evaporation  stage  to  the  top  of  the  granulation  tower  to  the  granu¬ 
lator.  When  the  granulator  rotates  ,  the  melt  is  sprayed  over  the 
tower.  Falling  downwards,  the  drops  of  carbamide  melt  harden  , 
forming  granules.  The  heat  that  is  released  during  the  formation 
of  granules  is  removed  by  the  air  that  can  be  sucked  out  of  the  tower 
by  fans  installed  on  the  top  of  the  tower. 

The  granulated  carbamide  is  sent  from  the  tower  for  bagging 
and  storage  with  the  help  of  lif ting-transporting  equipment. 


Material  Balance  of  Carbamide  Production 

The  material  balance  is  compiled  for  1  XT  of  carbamide  that  can 
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TABLE  11-63.  MATERIAL  BALANCE  OF  SECOND  STAGE  CONDENSER 


(0 

KoMnoaeimi 

<■» 

n  p  a  x  o  a 
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f,\P  a  c  x  n  1 

r«3W  JIIICTW^ 
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f  t.)  1 1  of ( nr  McaT 
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uapa 

yrjiMMMo- 

HlfftllMS 

conefl) 

% 

!  %  | 

%  I 

J7li 

« 

f^AMMnaK . 

(^JlByoKHCb  yrnepona  . 

Bo;w  . 

(lOKapfiflMHA . 

HiK'i'T'iHO  raaw  . 

1144 

41.5 

72.0 

504 

18.2 

314 

12.3 

2.1 

10-3 

1 

i 

50,0 

85 

41.5 

0.19 

37-8 

0.07 

j 

05 

09.3 

02 

i  | 

126.89 
43.6  1 
1201  : 
0  071 

43.5 

15.1 
41  4 

l*^B  e  •  r  o . 

227.9 

too 

24.7 

1 

100  1 38  06 

1 

100  | 

! 

290.66 

l  1 

100 

Key : 


1. 

Components 

8. 

Ammonia 

2. 

Input 

9. 

Carbon  dioxide 

3. 

Output (ammonium  carbonate  solution) 

10. 

Water 

4. 

Gases  of  second  stage 

11. 

Carbamide 

distillation 

12. 

Inert  gases 

5. 

Gases  from  desorber 

13. 

Total 

6. 

Liquor  vapor  condensate 

7. 

kg 

Total 

input:  227. 9+24. 7+38 . 06-290 . 66  kg  equals 

output. 

TABLE  11-64.  MATERIAL  BALANCE  OF  WASH  COLUMN 
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W)  Uoua . 

0^Kap6«MiiA  .  •  •  • 
(,S)llueprHue  raau 

1400 

416 

92-5 

15.4 

73,0 

21.6 

4.7 

0,7 

126.89 

434 

120.1 

047 

43.5 

15.1 

41.4 

38.3 

554 

.0.1 

40.7 

59.2 

0.1 

1410 

100 

503.3 

459.6 

2684 

0.17 

4044 

3749 

2186 

041 

247149 

15.4 

99.4 

04 

'  Hcaro  .  .  . 

1923.9 

too 

29048 

100 

94 

100 

1410 

100 

|l  231.27 

100 

|24S7.29 

100 

e^:l.  Components 

2 .  Input 

3.  Output 

4.  Gases  of  first  stage 
distillation 

5.  Solution  of  ammonium 
carbonate  from  second 
distillation  stage 


6.  Ammonia  water 

7.  Liquid  ammonia  (sprinkling) 

8.  Liquid  ohase 

9.  Gas  phase 

10.  kg 

11.  Ammonia 

12.  Carbon  dioxide 

13.  Water 
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Tables  II-6Q-II-69  present  the  material  balances  of  the  main 
apparatus  and  assemblies  of  carbamide  production. 

TABLE  11-67.  MATERIAL  BALANCE  0?  VACUUM  EVAPORATOR 


f  llVlMHaK  . 

rfVlnyoKiicb  yrnepoaa 


11.6 

0.8 

52 

1 

16.5  j 

6.4 

0.5 

2.5 

0.2 

— 

2.5 

0.1 

415,5 

28.7 

71-0 

83.5  | 

344.5 

25.0 

1014 

; 

70.3 

1 

1 

1014 

74.4 

1443.6 

100  j 

76.2 

100 

13674 

100 

1.  Components 

2.  Input  (liquid  phase  of  second  stage  distillation) 

3 .  Output 

4.  Gas  phase 

5.  Liquid  phase 

6.  kg 

7 .  Ammonia 

8 .  Carbon  dioxide 

9.  Water 

10.  Carbamide  11.  Total 

Total  output:  76.2  +  1367.4  =  1443.6  kg  equals  input. 


TABLE  11-68.  MATERIAL  BALANCE  OF  EVAPORATORS  OF  FIRST 
AND  SECOND  STAGES 
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(pac?Bopu  Kipdcaaaa) 
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Sl0jl»yOKBC 
jp'Boaa) 


64 

0.4T 

—  I  5.2 

1.6 

0,48 

1.1 

2.5 

0.15 

— 

-1  2.5 

06 

— 

— 

3444 

254 

42.0, 

30 1  330.28 

97,6 

44.42 

963 

1014 

7438 

99.78 

70S  0.28 

| 

120 

2.6 

13674 

100 

141.76 

100  1  347.26 

1 

j  100 

46.10 

|  too 

1 

1.  Components 

2.  Input  (carbamide  solutions) 

3 .  Output 


374 


AD-A113  749  FOREIGN  TECHNOLOGY  OIV  WRIGHT-PATTERSON  AFB  OH  F/G  7/1 

REFERENCE  BOOK  FOR  THE  NITROGEN  INDUSTRY  WORKER.  VOLUME  2'<U> 

MAR  82  M  A  MINOVICH*  Y  Y  MEL*NIKOV 

UNCLASSIFIED  FTD-ID(RS) T-l 465-80  NL 


4.  From  sections  of  synthesis  and  distillation 

5.  From  solvents  of  large  granules  and  dust 

6.  Gas  phase  of  first  evaporation  stage 

7.  Gas  phase  of  second  evaporation  stage 

8.  Liquid  phases  of  both  stages  (melt) 

9 .  kg 

10.  Ammonia 

11.  Carbon  dioxide 

12.  Water 

13.  Carbamide 

14.  Total 

Total  input:  1367.4  +  141.76  =  1509.16  kg  equals  total  output 
(347.26  +  46.10  +  1115.8  =  1509.16  kg). 


TABLE  11-69.  MATERIAL  BALANCE  OF  GRANULATION  TOWER 
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99.75 

025 

99.76 

0.2 

99.79 

0.21 

! 

1324 

100 

^,0Vc«ro  .... 

1115.8 

t 

100 

1002.6 

too 

1 

j  99.90 

100 

1 

13.24 

ion 

Key: 

1 .  Components 

2.  Input  (melt  from  evaporation  unit) 

3 .  Output 

4.  Commercial-grade  carbamide 

5.  Return  losses  (large  granules  and  dust) 

6.  Irreversible  losses 

7.  leg 

3 .  Carbamide 
9.  Water 
10.  Total 

Total  output:  1002.6  +  99.96  +  13.24  *  1115.8  kg  eqqals 

input . 

Note:  The  losses  of  carbamide  as  a  result  of  hydrolysis  and  the 
formation  of  biuret  are  ~  1%.  Irreversible  losses  during  granulation, 
storage,  transporting  and  cooling  of  carbamide  reach  1.5a.  Thus, 
total  losses  equal  2.5%. 


Basic  Equipment 


Below  is  a  brief  description  of  the  basic  production  equipment 
of  the  systems  of  carbamide  production  which  operate  on  the  liquid 
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recycling  plan. 

Two  types  of  columns  of  carbamide  synthesis  are  currently  in 
operation:  columns  with  vessels  and  lined  columns.  They  operate 


at  pressure  of  180-200  atm.  and  at 


temperature  of  185-195°C. 

Figure 

11-80.  Columns  of 

Carbamide  Synthesis 

Key: 

a. 

Column  with  vessels 

1. 

Connecting  pipe  for 
output  of  melt 

2. 

Connecting  pipe  for 
thermocouple 

3. 

Inner  vessel 

4. 

Outer  vessel 

5. 

Partitions  with  holes 

6. 

Connecting  pipe  for 
input  of  fresh  (pro¬ 
tective)  ammonia 

7. 

Connecting  pipe  for 
input  of  return  ammonia 

8. 

Connecting  pipe  for 
input  of  carbon  dioxide 

9. 

Housing 

10. 

Covers 

b . 

Lined  column 

1. 

Connecting  pipe  for 
output  of  melt 

2. 

Connecting  pipe  for 
thermocouple 

3. 

Connecting  pipe  for 
feeding  melt  and  nitro¬ 
gen 

4. 

Control  hole 

5. 

Collector 

6. 

Partitions  (lattice) 

7. 

Connecting  pipe  for 
input  of  gas -liquid 
mixture 

8. 

Housing 

9. 

Cover 

Synthesis  column  with  vessel  (fig.  11-80,  a)  for  a  unit  with 
output  of  100  T/day  consists  of  high  pressure  housing  9  and  upper  and 
lower  covers  10.  Within  the  housing  there  are  two  vertical  vessels 
3  and  4  which  are  installed  inside  each  other  in  an  inverted  manner. 
Ring  gaps  are  formed  between  the  housing  and  the  vessels.  The  stream 
of  liquid  protective  ammonia  flows  in  them.  The  protective  ammonia 


enters  through  lower  connecting  pipe  6  into  the  ring  space  between 
the  housing  of  the  column  and  the  outer  vessel  4,  and  is  lifted  upwards 
on  it.  It  then  falls  into  the  ring  space  between  the  outer  and  inner 
vessel  3  ,  flows  downwards  and  is  mixed  here  with  the  return  ammonia 
which  is  fed  into  the  column  through  connecting  pipe  7.  The  mixture 
enters  the  reaction  zone  that  is  demarcated  by  the  inner  vessel. 

Carbon  dioxide  is  also  fed  here.  An  attachment  is  placed  in  the 
lower  part  of  the  column  for  better  movement  of  the  reaction  components. 
It  consists  of  several  partitions  5  with  holes. 

The  diameter  of  the  column  housing  is  1.2  m,  the  height  is  14  m. 

The  housing  is  made  of  carbon  steel,  and  the  vessels  are  made  of 
special  chrome-nickel-molybdenum  steel. 

The  volume  of  the  column  is  determined  by  the  formula: 

(11-40) 

3 

where  V^--volume  of  column  (reaction  space)  ,  m  ; 

V  --volume  of  mixture,  m^/h; 

v 

t --duration  of  reaction,  h. 

The  lined  synthesis  column  (fig.  11-80  ,b)  without  vessels  is 
a  hollow  cylindrical  apparatus  with  spherical  bottom  and  flat  cover. 
With  output  of  the  unit  of  250  TT/day ,  the  diameter  of  the  column  is 
1.5m,  height  24  m.  The  volume  of  the  reaction  space  of  the  column 

3 

is  31  m  .  High  pressure  housing  8  is  made  of  carbon  steel.  Its 
inner  part  which  comes  into  contact  with  the  reaction  mass  is  lined 
with  chrome-nickel-molybdenum  steel. 

At  the  sites  of  welding  the  sheets  of  lining ,  there  are  control 
holes  4  over  the  entire  height  of  the  column.  They  are  connected 
by  a  common  collector.  The  hermetic  sealing  of  the  welding  and 
the  integrity  of  the  lining  are  verified  through  these  holes. 

Unit  of  melt  distillation  (fig.  11-81)  with  output  of  250  TT/day 
consists  of  a  rectification  column,  heater  and  separator.  The 
designs  of  the  units  of  distillation  of  the  first  and  second  stage 
are  similar.  The  difference  lies  only  in  the  technological  regime 
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of  their  operation.  The  operating  regimes  of  the  units  of  the  first 
and  second  distillation  stages  are  presented  below. 


Units 


Rectification  column 
pressure  (gage)  ,  atm. 
temperature  of  top ,  °C 
Preheater 

pressure  (gage)  in  pipes,  atm. 
pressure  (gage)  of  steam  in  inter¬ 
pipe  space ,  atm. 

temperature  of  product  at  outlet,°C 
Separator 

pressure  (gage)  ,  atm. 
temperature ,  °C 
Distillation  column 
pressure  (gage)  ,  atm. 
temperature ,  °C 

steam-liquid  mixture  after  heating 
top  of  column 
bottom  of  column 


first  stage 


16-17.5 
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16-17.5 

to  9 
to  160 
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to  160 
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second  stage 
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Figure  11-81.  Plan  of  Unit  of 
First  Stage  Distillation 

Key: 


Figure  11-82.  Rectification 
Column  of  First  and  Second 
Stages  of  Distillation 


Throttle  \Talve 

Key: 

Separating  device 

Rectification  column 

1. 

Preheater 

2. 

Attachment 

Separator 

3. 

Manhole 

Melt  from  synthesis  column 
Gases  to  wash  column 

4. 

Connector  for  thermo 
couple 

7. 

Steam 

5. 

Liquid  mixture 

8. 

Condensate 

6. 

Gas 

9. 

Melt  to  second  stage  distillation 

7. 

Solution 

8. 

Steam 

Figure 

11-83.  Preheater  of 

First 

and  Second  Distillation 

Key: 

1. 

Connection  of  level 
indicator 

2. 

Heat  exchange  pipes 

3. 

Pipe  grids 

4. 

Carbamide  solution 

5. 

Steam 

6. 

Condensate 

Figure  11-84.  Separator  of  First 
ana  Second  Distillation  Stage 

Key: 

1 .  Manhole 

2.  Connection  of  level  indica 
tor 

3.  Level  gage  glass 

4 .  Coils 

5.  Steam 

6.  Heating  steam 

7 .  Condensate 

8 .  Liquid 


The  rectification  column  (fig.  11-82)  is  designed  to  break  down 
ammonium  carbamate  and  release  products  of  breakdown  and  free  ammonia 
from  the  carbamide  solution.  It  is  a  cylindrical  unit  1.4  m  in 
diameter  and  2.25  m  high.  It  is  made  of  chrome-nickel-molybdenum 
steel  brand  Khl7N16  M3T. 


The  preheater  (fig.  11-83)  is  designed  to  heat  the  melt  that 
comes  from  the  column  of  rectification.  It  is  made  in  the  form  of 
a  tubular  heat  exchanger.  All  of  its  parts  that  contact  the  melt  are 
made  of  chrome-nickel-molybdenum  steel.  The  heat  exchange  surface 
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is  170  m3. 

4- 

The  separator  (fig.  11-84)  is  designed  to  separate  the  steam- 
liquid  mixture  coming  from  the  preheater  into  gas  and  liquid  phases. 
The  separator  is  a  hollow  cylinder  0.7  m  in  diameter  and  3.03  m  high 
with  external  heating.  The  gas  -liquid  mixture  is  fed  through  a 
connecting  pipe  into  the  apparatus  tangentially.  The  separator  is 
made  of  chrome-nickel-molybdenum  steel. 


r 


Figure  11-85.  Distillation  Column 
of  First  Stage  with  Extension  Pre¬ 
heater 

Key: 

1.  Column 

2.  Attachment 

3.  Connection  of  level  indi¬ 
cator 

4 .  Extension  preheater 

5 .  Air  blower 

6.  Connection  for  thermocouple 
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Figure  11-86.  Distillation 
Column  of  Second  Stage  with 
Extension  Preheater 

Key: 

1.  Connection  for  thermo 
couple 

2.  Separator 

3.  Bubble-cap  plates 
3a.  Closed  plate 

4 .  Overflow  pipe 

5.  Upper  part  of  column 


7.  Level  gage  glass 

8.  Manhole 

9.  Connection  to  nanometer 

10.  Connection  to  safety  valve 

11.  Separator  (spray  separator) 

12.  Steam-gas  mixture 

13.  Carbamide  melt 

14.  Carbamide  solution 

15.  Steam 

16.  Condensate 


6.  Connection  sleeve 

7.  Connection  for  input  of  carba¬ 
mide  solution  from  first  dis¬ 
tillation  stage 

8.  Lower  part  of  column 

9.  Connection  for  level  indicator 

10.  Preheater  (boiler) 

11.  Air  blower 

12.  Drainage  connection 

13.  Level  gage  glass 

14.  Manhole 

15.  Connection  for  input  of 
solution  of  ammonium  carbonate 

16.  Connection  to  safety  valve 


The  unit  of  carbamide  melt  distillation  with  output  of  100  T/ 
day  consists  of  a  vertical  cylindrical  column  and  an  extension  heat 
exchanger  (preheater).  The  diameter  of  the  column  is  0.8  m,  the 
height  is  7.36  m. 


Figure  11-85  shows  the  unit  of  first  stage  distillation. 


The  housing  of  the  column  holds  an  attachment  of  height  3.16  m 

made  of  ceramic  rings  (50  x  50  x  5  mm).  The  lower  part  of  the  column 

is  connected  to  the  extension  vertical  shell -and- tube  preheater.  The 

2 

heat  exchange  surface  is  40  m  .  The  steam  is  fed  into  the  inter¬ 
pipe  space  of  the  preheater.  The  carbamide  melt  circulates  on  the 
pipes.  The  upper  part  of  the  column  holds  a  separator  device  for 
separation  of  the  gas  from  the  spray  of  carbamide  melt. 


During  selection  Of  the  diameter  of  the  column,  its  operation 
in  a  flooding  regime  is  checked.  The  limit  of  flooding  (velocity  of 
gas  at  which  removal  of  the  liquid  begins)  is  computed  from  the 
formula* 


.  JittJ.U 


k— « 


where  UQ--linear  velocity  of  gas  (counting  on  the  total  section  of 
the  column) ,  n/s ; 

a — specific  surface  of  the  attachment,  m^/m  ; 

*  Ramm,  V.  M.  Absomtatva  gazov  ("Absorption  of  Gases"],  Izd.  Khimiya 
1966 ,  p.  423. 
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Figure  11-87.  Washing  Column 
Key: 


Figure  11-88.  Fractionation 
Column 
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g--acceleration  of  gravity  force,  m/s  ; 

3  3 

j; --free  volume  of  adapter,  m  /tn  ; 

3 

pr,  p.  — density  of  gas  and  liquid,  kg/m  ; 

ii,.--viscosity  of  gas,  cP; 

c--coefficient  equal  to  1.75; 

0 

c„  .  c, -- consumption  of  liquid  and  gas,  kg/(m  x  h)  ; 

b--jcoefficient  which  depends  on  the  shape  of  the  adapter  (for 
rings  and  wire  spirals  b=0.022  ,  for  saddle-shaped  adapter  b=0.26). 

Distillation  column  of  the  second  stage  (fig.  11-86)  is  also  a 
vertical  cylindrical  apparatus  with  extension  preheater  (boiler) . 

In  contrast  to  the  first  stage  column,  the  distillation  column 
of  the  second  stage  does  not  have  an  adapter ,  but  has  bubble-cap 
plates.  The  upper  part  of  the  column  is  separated  from  the  lower  part 
by  a  solid  plate.  This  makes  it  possible  to  transmit  the  carbamide 
solution  from  the  upper  to  the  lower  part  through  the  extension  heat 
exchanger  in  one  pass. 

The  apparatus  for  purifying  the  ammonia  of  carbon  dioxide  in  the 
units  with  output  of  250  T/day  is  called  the  washing  column,  and  in 
units  with  output  of  100  C/day ,  fractionation  columns. 

The  washing  column  (fig.  11-87)  is  a  vertical  cylindrical 
apparatus  (diameter  1.4  m,  height  7  m)  whose  upper  part  is  filled 
with  an  adapter,  rings  made  of  stainless  steel.  A  heating  element 
with  bubbling  device  is  installed  in  the  lower  part  of  the  column. 

In  this  part ,  the  solution  of  ammonium  carbonate  which  comes  from 
the  second  stage  condenser  absorbs  about  90%  of  the  CC^.  In  order 
to  remove  the  heat  of  absorption ,  liquid  ammonia  is  added  to  the 
lower  part  of  the  column.  The  remaining  10%  of  the  CO2  is  absorbed 
by  the  concentrated  ammonia  water  which  flows  from  top  to  bottom 
over  the  adapter.  The  gaseous  ammonia  which  has  been  purified  of 
carbon  dioxide  is  sent  from  the  wash  column  to  the  condenser.  The 
concentrated  solution  of  ammonium  carbonate  is  fed  by  pump  from  the 
lower  part  of  the  column  to  the  synthesis  column. 

The  column  is  made  of  chrome-nickel  or  chrome-nickel -molybdenum 


Figure  11-89.  Condenser  of  Figure  11-90.  Evaporator 

Second'  Stage  Distillation  „ 
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Frafctionation  column  (fig.  11-88)  is  made  in  the  form  of  a 
vertical  cylindrical  apparatus  with  diameter  of  0.8  m  and  height 
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8.26  m.  The  column  is  filled  with  an  adapter  made  of  porcelain  rings 
'size  50  x  50  x  5  mm).  The  height  of  the  upper  layer  of  the  adapter 
is  2.05  m,  the  lower  is  2.4  n.  The  upper  part  of  the  column  is 
sprinkled  with  ammonia  water  and  liquid  ammonia.  The  lower  is 
sprinkled  with  liquid  ammonia. 

The  housing  of  the  column  consists  of  three  sheet-steel  cylinders, 
the  material  of  the  housing  is  made  of  chrome-nickel-molybdenum  steel. 

The  column  operates  under  pressure  of  16-20  atm. .  The  tempera¬ 
ture  in  its  upper  part  is  up  to  65°C. 

The  condenser  of  second  stage  distillation  (fig.  11-89)  is 
designed  for  condensation  of  water  vapors  from  gases  of  the  second 
distillation  stage,  and  absorption  of  ammonia  and  carbon  dioxide  by 
the  obtained  condensate  with  the  formation  of  a  solution  of  ammonium 
carbonate.  The  condenser  is  made  of  chrome-nickel-steel  and  is  a 
vertical  column  within  which  a  cooling  element  is  installed  with 
U-shaped  pipes.  The  diameter  of  the  housing  is  1.2  m,  and  the  high 
height  of  the. tube  is  4.6  m.  The  diameter  of  the  pipes  is  25  x  2mm 
and  the  surface  of  heat  exchange  is  260  m^. 

The  distillation  gases  (steam-gas  mixture)  are  fed  into  the 
condenser  through  the  lower  connection,  pass  distributor  4  and  are 
bubbled  through  a  layer  of  liquid  which  absorbs  the  ammonia  and 
carbon  dioxide.  The  formed  solution  of  ammonium  carbonate  flows 
through  the  upper  connection  into  the  leveling  vessel. 

The  condenser  operates  at  gage  pressure  of  2-3  atm  and  tempera¬ 
ture  to  40°C. 

The  solutions  are  evaporated  in  one  or  tvro  stages.  The  basic 
apparatus  of  the  evaporation  system  is  the  evaporator  (fig.  11-90). 

It  consists  of  preheater  I  and  separator  II.  The  solution  enters 
the  lower  part  of  the  tubular  preheater  where  heating  and  boiling 
of  the  solution  occur.  The  concentrated  (evaporated)  solution  is 
separated  from  the  vapors  in  the  separator,  flows  downwards  and 
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enters  the  second  evaporation  stage,  from  which  it  is  sent  for 
granulation.  The  liquor  vapor  is  removed  from  the  separators  into 
the  condenser. 

The  evaporator  is  made  of  steel  brand  Khl8N9T.  The  heat  exchange 

o 

surface  of  the  preheater  of  first  stage  evaporation  is  80  m  ,  of  the 

2 

preheater  of  the  second  stage,  10  m  . 

The  evaporator  for  the  unit  with  outout  of  100  H'/da.y  has  a 
preheater  with  heat  exchange  surface  of  32  m“. 

Control  and  Automation  of  Carbamide  Production 

Production  of  carbamide  is  a  complicated  set  of  individual 
technological  processes  that  are  strictly  interlinked  by  material 
and  energy  flows.  This  process  is  controlled  remotely  from  a  central 
point  at  which  all  the  instruments  which  regulate  and  indicate  the 
load  of  the  unit  and  the  main  parameters  of  the  technological  process 
installed.  For  convenience  of  observing  the  technological  process- 
processes,  a  mimic  flowsheet  is  placed  above  the  panels  of  the  board. 
It  has  lamps  which  signal  emergenc  deviations  of  the  process 
parameters . 

The  means  of  automation  and  control  of  production  are  instru¬ 
ments  and  .regulators  of  the  pneumatic  aggregate  unified  automatic 
control  system  and  other  instruments  and  regulators  which  are  series 
.produced  by  domestic  industry.  Each  aggregate  system  consists  of 
regulating  and  auxiliary  blocks  ,  as  well  as  secondary  recording 
and  indicating  instruments. 

The  assembly  for  liquid  ammonia  intake  regulates  the  level 
of  liquid  in  the  buffer  vessel.  A  wire  gage  of  the  IUVTs  type  is 
used  as  the  sensor.  It  is  installed  directly  on  the  unit.  The 
assigned  level  in  the  vessel  is  maintained  by  regulating  the  supply 
of  liquid  ammonia  from  the  plant  network. 

Pressure  is  also  controlled  and  regulated  in  the  reception 
buffer  vessel.  The  assigned  pressure  is  maintained  with  the  help 
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of  so-called  nitrogen  respiration  under  the  influence  of  a  regu¬ 
lating  valve  in  a  set  with  4RB-324  regulator  and  recording  secondary 
instrument  of  type  3RL-29V* 

Before  liquid  ammonia  is  fed  into  the  synthesis  column,  its 
temperature  is  regulated.  Thermocouple  TKhK-284  and  a  secondary  EPD 
instrument  with  regulating  valve  installed  on  the  line  for  feeding 
steam  into  the  evaporator  of  ammonia  are  included  in  the  temperature 
regulator  set. 

The  assembly  for  intake  and  compression  of  the  carbon  dioxide 
has,  in  addition  to  control  and  measuring  instruments  and  automatic 
regulators,  a  regulator  for  the  CC^O^ratio.  It  is  maintained  and 
corrected  according  to  the  readings  of  the  automatic  gas  analyzer  for 
the  content  of  oxygen  that  is  introduced  into  the  carbon  dioxide 
in  order  to  reduce  corrosion  of  the  equipment. 

The  column  of  carbamide  synthesis  regulates  the  pressure  with 
the  help  of  a  sensor ,  a  manometer  of  the  MPD  type  and  a  secondary 
3RL-29V  instrument  with  4RB-32A  regulator.  Constant  temperature  in 
the  synthesis  column  with  the  assigned  ratio  of  reagents  is  guaranteed 
by  stabilization  of  the  temperature  of  the  supplied  liquid  ammonia. 

The  first  stage  distillation  assembly  uses  a  regulating  device 
installed  on  the  line  of  steam  supply  into  the  preheater  to  main¬ 
tain  a  constant  temperature.  The  assigned  pressure  in  this  assembly 
is  guaranteed  by  a  regulator  that  is  installed  at  the  nutlet  for 
inert  gases  from  the  assembly  of  ammonia  condensation. 

The  liquid  level  in  the  separator  is  regulated  with  the  help  of 
a  device  and  an  actuator ,  a  regulating  valve  which  is  installed  on 
che  line  for  removing  the  carbamide  solution  from  the  separator. 

In  the  second  distillation  stage,  as  in  the  first  stage,  the 
required  pressure  is  maintained  by  a  regulator  that  is  installed 
on  the  line  for  removal  of  gases  from  the  second  stage  condenser. 
Constant  temperature  of  the  solution  and  the  assigned  level  of 
liquid  in  the  separator  are  also  guaranteed. 
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In  the  assembly  for  carbamide  solution  reprocessing,  its 
supply  for  evaporation  is  regulated.  For  this  purpose,  a  rotametric 
consumption  gage  of  the  type  REV  ,  secondary  instrument  of  the  EPID 
type  with  regulating  device  and  regulating  valve  are  used.  A  con¬ 
stant  temperature  is  maintained  by  changing  the  supply  of  steam  into 
the  preheater  with  the  help  of  an  EPD  potentiometer  and  TKhK-284 
thermocouples . 

The  assigned  temperatures,  pressure  and  levels  are  maintained 
in  the  assemblies  of  absorption  and  desorption  of  the  discharge 
gases,  collection  of  solution  of  carbamide  and  condensate. 

The  assembly  for  purification  of  the  return  ammonia  of  carbon 
dioxide  to  create  the  optimal  technological  regime  that  promotes 
more  complete  separation  of  NH^  from  CO2  provides  for  temperature 
regulation  (in  the  assigned  limits)  over  the  height  of  the  washing 
column.  The  temperature  regime  in  the  washing  column  is  stabilized 
by  regulating  the  amount  of  liquid  ammonia  that  is  fed  for  sprinkling. 
The  total  quantity  of  sprinkling  ammonia  is  separated  into  two  streams. 

The  plans  for  liquid  recycling  stipulate  regulation  of  the 
liquid  level  in  the  washing  column.  In  the  carbamate  pumps  of  the 
firm  "Vorktington"  the  actuator  to  regulate  the  system  is  a  hydraulic 
coupling  which  correspondingly  changes  the  number  of  piston  strokes 
of  the  pump,  and  consequently,  its  output. 

]_.  Liquid  Nitrogen  Fertilizers^ 

The  following  are  used  as  liquid  nitrogen  fertilizers:  ammonia 
water  (aqueous  ammonia),  ammoniates  ,  as  well  as  liquid  (anhydrous) 
ammonia'^*’  which  is  used  fairly  widely  in  agriculture  of  certain 
foreign  countries  ,  (for  example,  the  United  States)  as  a  highly 
concentrated  fertilizer  (82.5%  N) .  The  physical-chemical  properties 
of  ammonia  are  examined  in  volume  I  of  the  Reference  Book  for  the 
Nitrogen  Industry  Worker  (p.  25  and  following). 
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Ammonia  Water 

According  to  GOST  9-67,  two  brands  of  ammonia  water  are  manu¬ 
factured.  Product  of  brand  A  is  designed  for  agriculture,  and  brand 
B  for  industry.  Ammonia  water  of  both  types  is  divided  into  first 
and  second  grades.  Ammonia  water  of  the  first  grade  must  contain 
no  less  than  25%  NH^,  and  the  product  of  the  second  grade,  no  less 
than  22%  NH-j. 

q 

The  density  of  25%  ammonia  water  at  20 °C  is  0.907  kg/m  ,  and  its 
freezing  point  is  -56°C.  Ammonia  water  with  22%  density  freezes 
roughly  at  -33°C. 

The  pressure  of  ammonia  vapors  above  its  aqueous  solutions  is 
presented  in  table  11-70. 

For  comparison,  below  is  the  pressure  p  of  NH-v  vapors  above 

102  J 

liquid  ammonia  :  t.  ■  c  .  o  in  '20  40  50  70 

p,  am* I .  4.24  6-08  8.46  1534  20.00  32.00 


TABLE  11-70.  PRESSURE  OF  NHq  VAPORS  ABOVE  AMMONIA 
WATER  (in  mm  Hg)  J 


(O 

KcmoeirrM- 
oira  NH, 
me.  % 

Tmmpiqpi. 

■c 

0 

10 

20 

30 

40 

30 

<0 

5 

14,61 

27,06 

51,78 

81,0 

131,8 

207,5 

316,5 

to 

28,79 

51,42 

87,8 

143,9 

227,5 

348,0 

517,2 

772,5 

15 

49,55 

85,95 

142,9 

228,7 

353,5 

530,2 

20 

81,75 

1383 

224,7 

351,6 

543,0 

787,5 

1123,5 

25 

127,5 

209,5 

3353 

515,3 

766,9 

1109,0 

1566,0 

Key: 

1.  Concentration  of  NH-, ,  weight. % 

2.  Temperature ,*0  J 


The  total  pressure  of  vapors  P  (ammonia  and  water)  above  20  and 
25%  ammonia  water  at  20°C  is  presented  below  (in  atm.) 


Concentration  of  NHq,%  20  25 

P,  atm.  J  0.2957  0.4414 
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The  solubility  of  ammonia  in  water  under  pressure  is  shown  in 
table  11-71. 


TABLE  11-71.  SOLUBILITY  OF  AMMONIA  IN  WATER  (IN 
WCT.%)  AT  INCREASED  PRESSURE50  *  71 .  167 


Uafemwaot 

flUMUM 

am 

^  T«MD»p»Tjrp*.  «C 

—SO 

-20 

-10 

0 

10 

20 

30 

40 

<0 

SO 

too 

0.2 

43,1 

36.4 

30.6 

25.3 

20.2 

15.5 

11,0 

63 

0.5 

56.7 

47.5 

40.6 

34.7 

29.4 

22.4 

19.7 

15.2 

7.1 

— 

— 

1.0 

85.6 

61.5 

51.2 

43.6 

373 

32.5 

22.5 

208 

144) 

6.2 

— 

1.5 

— 

81.3 

59.0 

50.3 

44.3 

38-4 

332 

28.6 

isa 

16.6 

33 

2.0 

— 

— 

70.1 

56.6 

48.3 

41.8 

36.3 

314 

22.5 

14.1 

6.7 

2.5 

— 

— 

86,8 

62.7 

526 

454 

39.6 

34.5 

25.5 

170 

9.1 

3.0 

— 

— 

— 

70.2 

56.8 

48.7 

424 

37.1 

28.0 

19.5 

11-5 

4.0 

— 

— 

— 

934) 

65.6 

54.7 

47.3 

414 

31.8 

234 

154 

5.0 

— 

- . 

— 

— 

79.0 

61.6 

52.0 

45J 

35.0 

265 

18.6 

6.0 

— 

— 

— 

— 

97.1 

68.1 

56.4 

49.0 

37,9 

29.2 

214 

8.0 

— 

- . 

— 

— 

- - 

93.5 

67,0 

564) 

42.9 

33.6 

25.7 

10.0 

— 

— 

— 

— 

— 

824 

63.0 

47,3 

37-2 

294) 

Key: 

1.  Gage  pressure,  atm. 

2 .  Temperature , °C 


1  AQ 

The  flowsheet  for  the  production  of  ammonia  water1  is  shown 
in  fig.  11-91. 

The  raw  material  in  this  process  is  gaseous  ammonia  that  is 
supplied  at  gage  pressure  of  1  atm.  from  the  shop  of  NH^  synthesis 
(through  a  distributor  panel)  into  column  3  of  plate  type  with 
bubble  caps.  Gaseous  ammonia  also  comes  here  from  the  liquid 
ammonia  warehouse.  This  ammonia  is  released  when  poured  into 
tanks. 

The  lower  part  of  column  3  is  a  tubular  heat  exchanger  that  is 
designed  to  remove  a  considerable  part  of  the  heat  of  dissolving 
ammonia  in  water.  Cooling  water  moves  along  the  heat  exchange  pipes. 
An  aqueous  solution  of  ammonia  circulates  in  the  intertube  space. 
Gaseous  ammonia  is  bubbled  through  the  layer,  simultanesouly 
dissolving  in  the  liquid. 

The  residue  of  unabsorbed  ammonia  enters  the  upper  part  of  the 
column  where  it  passes  through  the  bubble-cap  plates.  There  are 
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coils  on  the  plates  in  which  cooling  water  circulates.  In  order 
to  avoid  clogging  of  the  column  with  salts ,  the  ammonia  is  absorbed 
by  chemically  purified  water. 


Production  25%  ammonia  water  comes  from  the  column  into  collector 
4.  From  here  it  is  pumped  into  storage  tank  5.  The  ammonia  water 
is  fed  from  here  by  pump  on  flexible  hoses  to  railroad  or  truck  tanks 
in  which  it  is  shipped  to  the  customers. 


M3  itexa  ** 


Figure 

Key: 

1. 

o 

• 

3. 

4. 

5. 

a. 

b. 

6. 

7. 

8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 


11-91.  Flowsheet  of  Ammonia  Water  Production 

Collector  of  chemically  purified  water 

Centrifugal  pumps 

Column  to  produce  ammonia  water 

Intermediate  collector 

Storage  tank 

Breather  valve  with  fire-impeder 

Safety  valve 

From  synthesis  shop 

Gaseous  ammonia 

From  liquid  ammonia  warehouse 

From  truck  and  railroad  tank  cars 

Chemically  purified  water 

Spent  gases 

Fresh  water 

Ammonia  from  truck  tanks 
Ammonia  water 
Spent  water 


The  gaseous  ammonia  that  is  released  when  poured  into  the  tank 
as  well  as  from  the  storage  tank  when  ammonia  water  is  stored 


for  a  long  time  in  them,  is  sent  to  column  3  for  absorption  by  water. 

The  warehouse  for  ammonia  water  is  located  near  the  plant 
railroad  lines .  A  platform  for  filling  the  tank  cars  is  built  next 
to  them. 

Ammoniates 


With  joint  or  separate  dissolving  in  ammonia  water  of  appropriate 

quantities  of  ammonium  nitrate,  potassium  nitrate,  carbamide,  etc., 

1 02 

solutions  are  obtained  which  are  called  ammoniates  (solid  ammoni¬ 
ates  are  formed  during  the  interaction  of  certain  solid  salts  with 
gaseous  or  liquid  ammonia  and  are  complex  compounds  of  crystalline 
structure) . 

Ammoniates  in  the  form  of  solutions  are  light  liquids  (a 
yellowish  hue  is  also  permitted)  whose  density  depends  on  their 

3 

composition.  It  fluctuates  in  limits  of  0.9-1.25  g/cm  .  The  pressure 
of  vapors  above  ammoniates  is  considerably  lower  than  the  pressure 
of  vapors  above  liquid  ammonia. 

The  composition  of  ammoniates  that  are  obtained  on  the  basis 
of  ammonium  nitrate  corresponds  to  the  formula  NH^NOg  x  nNHg  x  ml^O, 
Ammoniates  based  on  potassium  nitrate  and  ammonium  nitrate  have  the 
following  formula  CaCNOg^  x  NH^NOg  x  nNHg  x  mHgO. 

Agricultural  practice  uses  as  liquid  fertilizers  carbon  ammoni¬ 
ates  ,  a  mixture  of  aqueous  solutions  of  ammonium  carbonate ,  ammonia 
and  carbamide  or  ammonium  nitrate. 

The  solubility  of  certain  nitrates  in  water,  ammonia  water  and 
liquid  ammonia  is  given  in  table  11-72. 

The  solubility  of  sodium  nitrate  in  aqueous  solutions  of  ammonia 
at  0°C  is  presented  below  (in  weight. %): 
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>\  ’ 


NHt 

NaNOt 

NHt 

NaNO. 

0 

41.41 

60 

39.5 

10 

36.0 

"O 

■43.0 

20 

31.5 

80 

47.0 

28 

30.0 

90 

52.0 

4o 

33.0 

HO 

53.0 

50 

36.5 

TABLE  11-72.  SOLUBILITY  OF  NITRATES 


(•> 

C0-!b 

OCTb,  1/1000 

9 

(» 

toau  ! 

.HH-P* 

aio»avioA 

•OJUI 

86%-ho* 

tMHMtlWi 

aoflu 

lOofeioro 

HCBJDCOrO 

UIMIIAKI 

lnpa 

0°C 

NaNO, . 

707 

736.9 

828.7 

1274 

Ca(N03), . 

1010 

759.3 

719  3 

8217 

KNOj  . 

132.5 

135.3  1 

108.1 

105.2 

(7) 

np'i 

25  °C 

NII4NO3 . 

2090 

_ 

3587.0 

NaN03 . 

927 

— 

— 

986.7 

Ca(NOj)* . 

1380 

— 

— 

803.5 

KNO,  . 

382.5 

•— 

103-4 

r 


Key: 


1. 

Salt 

2. 

3. 

Solubility , 
Water 

g/1000  g 

4. 

75%  ammonia 

water 

5. 

85%  ammonia 

water 

6. 

7. 

100%  liquid 
At 

ammonia 

The  solubility  of  sodium  nitrate  in  aqueous  solutions  of  ammonia 
at  15°C  is  presented  below  (in  weight. %) : 


Density 


1.253 

1.233 

1.212 


Nit 

7.3 

9.0 

10.5 


NaNOt 

393 

38.7 

373 


The  molar  heats  of  dissolving  nitrates  of  sodium  and  ammonia 
in  liquid  ammonia  and  in  water  have  the  following  values  (in  cal/ 
mole) : 


Salt 

NaNO, 

nh4no3 


In  ammonia 
3600 
570Q 
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In  water 
-5000 
-6330 


Figure  11-92.  Diagrams  of  Solubility 
Key: 

a.  In  system  NH, NOo-NHo-HoO 

b.  In  system  COtKHjp 2-«H3=H20 

The  diagrams  of  solubility  of  the  triple  systems  NH^NO^-NH^- 
H2O  and  C0(NH2) 2“NH3“H20  are  presented  in  fig.  11-92.  The  apex  of 
the  equilateral  triangles  corresponds  to  100%  content  of  each  of  the 
components  in  the  system.  The  length  of  the  side  of  the  triangle 
is  assumed  to  be  100%.  The  points  that  lie  on  the  sides  of  the 
triangle  correspond  to  the  composition  of  the  mixture  of  two  compo¬ 
nents  in  the  system,  for  example,  20%  NH^NO^  and  80%  NH-j,  or  30% 
NH^NO^  and  70%  1^0 ,  or  40%  1^0  and  60%  NH^ ,  etc.  The  straight  lines 
that  are  parallel  to  the  sides  of  the  triangle  separate  segments  on 

its  sides.  Their  sum  is  equal  to  the  side  of  the  triangle.  Conse¬ 

quently,  the  points  that  are  located  inside  the  triangle  correspond 
to  the  composition  of  mixtures  of  three  components  of  the  system 
whose  total  concentration  equals  100%.  Thus,  point  0  (fig.  11-92  a) 
which  lies  on  the  isotherm  of  solubility  at  -10°C,  corresponds 0 to 
a  mixture  of  20%  HjO,  60%  NH^N03  and  20%  NH^.  At  point  N  (fig.  II- 
92  ,b)  located  on  the  isotherm  of  solubility  at  40°C,  the  triple 
mixture  contains  10%  1^0 »  65%  COCNF^^and  25%  NH-j. 

Tables  11-73  and  11-74  present  data  on  the  joint  solubility  of 
in  the  quadruple  system  NH^-NO^-CCKNI^^^NHj'^O. 

Ammoniates  can  be  produced  on  a  unit  whose  flowsheet  is  illus¬ 
trated  in  fig.  11-93. 

A  certain  quantity  of  water  is  poured  into  tank  2.  Gaseous 


TABLE  11-73.  JOINT  SOLUBILITY  IN  SYSTEM109 
nh4no3-co(nh2)2-nh3-h2o  AT  0°C 


Coern*  BiCMin«M©r«i '  " 

<*> 

ptcraop*.  MC.  % 

t>«pa*h 

NH.NO,  CORTH,). 

NH*:  (NHrfH*O)=0,2 


6.0 

9.97 

204 

35.25 

424) 

478 

534) 

52.05 

51.0 


5.0 

8.97 

19.2 

33.8 

41.8 

50.2 
55.5 
53,97 
52,85 


3.98 
7.97 
18.00 
32.50 
40  20 
48.54 
52,27 
58.05 
56.15 
55.0 


2.97 

6.98 
16.98 
29.34 
37.30 

47.50 
55.40 

61.50 
5943 
58.0 


34.5 
354 

36.5 
354 
33.85 
344) 

6.75 

1675 

22.9 


I  CO(NH*)t 

NH4NOj+CO(NHt). 

|  nh4no, 

NHS:  (NHj+HiO)=rO,3 


33.7  • 

33.8 
348 
343 
33.8  . 
32.5 

•  5.75 
14.55 
20.15 


tipi 


J  CO(NH*)» 

CO(NHt)*  +  NH4NO 
|  NH4NOj 

NHs:(NH,+  HtO)=0.4 


32  50 
33.1 


340 
3340 
33.00 
2740  1 
26.14  i 
4.75  ] 
12.35 
17.4  i 


CO(NH*)» 


CO(NHt)t  •  0.11  NH,+  NH«NOf 


NH4NOj 


NHt:  (NHt+H,0)=0,5 


35.52 
36.3 
35.43 
32.88 
32.50 
24.05  \ 
23.25  / 
3.75  I 
10.10  ) 
1485  i 


CO(NHi)» 


CO(NHi)*  ■  0.25NHj  +  NH  ,N0, 
NH4NOj 


Key: 


1. 


2. 

3. 


Composition  of  saturated  solution, 
weight  ,Z 
Solid  phase 
At 


ammonia  is  passed  through  the  ammonia  distributor  located  in  the 
lower  part  of  the  tank  in  order  to  produce  1Q-15Z  ammonia  water. 
When  ammonia  is  absorbed,  the  solution  in  the  tank  circulates  with 
the  help  of  centrifugal  pump  3.  When  the  concentration  of  ammonia 
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TABLE  11-74.  JOINT  SOLUBILITY  IN  SYSTEM109 
OF  NH4NO^-CO(NK2)2-NH3-H20  at  30° C. 


— CO - i 

631 

1 

C oct as  iiaCfaiuieHiioro  uaCTBOpa,  u«c.  % 

Beco»oe 

eooTiiouieHae 

NH, :  <NH,  +  H»0> 

Nil. NO,  | 

CO(NH,)a 

B  pactiopc 

31)3 

46.8 

0.4 

34  8 

46.1 

0.501 

31.7 

39.S 

47.1 

493 

0-538 

0-581 

CO(NH,)» 

31.6 

466 

0.610 

31,8 

46,6 

0.600 

531 

43,0 

0.495  ) 

53.1 

53  2 

43.2 

43.4 

0.498  1 
0.600  | 

CO(NH,),+  NH«.NO;I 

53.4 

43.5 

0.701  i 

59.8 

j  28.1 

0.380  • 

. 

til.  t 

25.1 

0.457 

NH4NOs 

til.ti 

25,5 

0-490 

> 

57.0 

I  37.9 

0.686 

68.8 

!  136 

1 

I 

0.740  - 

Key: 

1.  Composition  of  saturated  solution,  weight. % 

2.  Weight  ratio  NHo : (NHo+HoO)  in  solution 

3.  Solid  phase  “  ; 


TABLE  11-75.  COMPOSITION  AND  CERTAIN  PHYSICAL-CHEMICAL 
PROPERTIES  OF  CARBON  AMMONIATES 109 


(*1  Cqctii,  tec. 

U 

52 

%tS- 

ill 

- EH 

OSum  Winn*  n»po» 
mm  pm.  cm. 

(S) 

I3 

ah 

(<•) 

|.° 

la. 

hi 

Cs^ 

IT p 

Ills, 

2aSi 

s 

5 

u 

NH.NO, 

NH. 

CO. 

H,0 

K 

np« 

1(T»C 

Fo 

npa 

20 

apm 
30  *C 

nh 

40“C 

19.94 

1231 

52.51 

17.28 

220 

-.234 

253 

283 

2.62 

1.185 

—29.9 

_ 

29.20 

12.63 

47.23 

19.23 

Uni 

218 

241 

271 

2.57 

1.21 

-19.7 

22.75 

12.12 

54.91 

136 

154 

172 

191 

— 

1.15 

-15  2 

9-18 

18.77 

144 

156 

173 

194 

2.58 

1.142 

-rite 

19,90 

— 

1131 

11*38 

57.11 

18.84 

139 

157 

185 

223 

2.55 

1.127 

-245 

Key: 

1.  Composition,  weight. % 

2.  Total  content  of  nitrogen,  weight. % 

3.  Total  vapor  pressure,  mm  Hg 
4  .  At 

5.  Viscosity  at  20°C,  cP 

6.  Density  at  20°C,  g/cm-3 

-7  rn  _ _ _  _ _ _ _  _  j  1.^4.  j  j  j  or* 


nl  »j 


r 


1 


V 

\ 


TABLE  11-76.  SOLUBILITY  OF  AMMONIUM  CARBONATE 
IN  WATER 


(■' 

Tewiepa- 
typa.  “C 

1  Pi  ' 

1  l  L OCT SB  itaCbllllOHHOrO 

imcTBOpa,  aec.  % 

j  NH,  |  CO, 

(« 

Taopaan  <tiaaa 

0 

18.62 

22.77 

10 

19.93 

23.77 

(NH4)*CO,+NH4HCO* 

20 

20.24 

24  81 

30 

20.41 

25.77 

Key: 

1.  Temperature  ,°C 

2.  Composition  of  saturated  solution,  weight. Z 

3.  Solid  phase 


TABLE  11-77.  JOINT  SOLUBILITY  IN  SYSTEM109 
co(nh2)2-nh3-co2-h2o  AT  0°C 


r 


[■ 


O'cootm  awnmnioro  pacnopa.  Mo.  % 

^OOmee 

concpmanyte 

ano-ra 

Bee,  % 

Tiepnan  a 

CO(NH,)a 

NH* 

CO, 

HiO 

rip*  oec 

— 

18.62 

22.77 

58.61 

1533 

9.08 

1883 

20.63 

5346 

18.09 

(NH«)*C0»4- 

17.43 

1446 

1781 

5080 

2003 

+  NH4HCO» 

23-74 

12.59 

1585 

48.32 

2145 

M 

27.69 

10.51 

12.73 

49.07 

21.58 

Ta  we-f  CO(NH,)t 

29.19 

9.25 

11.54 

5002 

20.64 

' 

3141 

785 

9.72 

51.02 

21.11 

CO(NHt)* 

3345 

5.25 

6.52 

54.78 

19.93 

[pH  10  °C 

45.62 

— 

5488 

2187 

40-28 

4.60 

5.76 

4986 

22.57 

3643 

781 

9.12 

46.64 

2341 

CO(NHt)* 

34.29 

983 

1186 

44.02 

24.08 

33.3 

1082 

13.25 

42.63 

24.43 

/m) 

27.17 

1597 

1885 

3881 

25-72 

’To  we-f- 

2885 

18.15 

1844 

3856 

2582 

+  (NH4)tCO»+ 

24.86 

15.21 

1780 

42.13 

24.10 

+  nh4hco» 

234)1 

1580 

18-25 

43.14 

23.58 

20.62 

15-86 

19-24 

44.28 

22  67 

NH4HCOs+ 

16.99 

17.16 

19.76 

4609 

22-05 

S3 

18,77 

21.93 

51.0 

1933 

-+-(NH4)jCO* 

-  ' 

1993 

23.77 

5680 

1641 

r'n  p  ■  20  °c 

— 

20.24 

2481 

55.45 

16.6 

6.20 

1888 

23-50 

5142 

1839 

1272 

18-25 

,  22.20 

4683 

20.95 

(5) 

19.50 

1694 

20.58 

42  98 

2306 

C octal  a*  on  pa- 

26.53 

1580 

1924 

3843 

2543 

nuifureff 

34.28 

1248 

1588 

3786 

26.35 

3804 

1087 

1387 

3782 

26-79 

434 

6.73 

8.28 

4159 

25  92 

Key: 

1.  Composition  of  saturated  solution  .weight . % 

2.  Total  content  of  nitrogen,  weight. % 

3.  Solid  phase 


4 .  The  same 

5.  Composition  not  defined 

6 .  At 


TABLE  11-78.  JOINT  SOLUBILITY  IN  SYSTEM109  OF 
NHitN03-NK3-C02-H20 


Cam*  aac* 

- ur~ 

■taaaoro  paarai 

V*.  •**.  % 

— pr- 

Otaat 

coaepMrti- 

Coma 

■atma nuin  pacraopa 
aao.  % 

Ololn^ 

conepMMt* 

NB.NO. 

NH, 

CO, 

HtO 

urn 

non 

me.  % 

NH.NO, 

NH, 

CO, 

11,0 

aaora 
MC.  % 

ZTS 

n p*  o 

aC 

i 

t 

r/p\?  20  cc 

1 

18.02  1 

22.77 

58.61 

1527 

4  93 

i 

20.24 

I  19-72 

24.31  : 
23-40  i 

5545 

51,95 

16.67 

17  90 

11.34 

1006 

20.77  I 

5123 

17C3 

11.25 

19.17 

!  22.51  | 

47.07 

19.73 

1932 

15.50 

i 

19.18 

i 

46.00 

1947 

18.48 

24.70 

1  17-95 
j  16-31 

!  21.25 
l  19-23 

42.32 

I  36-70 

21.25 

224)7 

28.37 

!  14-94 

17.70 

38.99 

2218 

34  75 

12  or. 

i  15.20 

|  3789 

2258 

3.1.50 

1 11.23 

i 

1345 

39-82 

2164 

4!  II 

43:13 

i  11  81 
11  08 

,  14,66 
|  14-50 

1  32  42 
j  3049 

24  07 
24.75 

38  IH 

9.73 

1261 

39.48 

21. 05 

54  18 

1  7.75 

I  9  58 

2849 

25-32 

43. 66 

«r  • 

K  pv  • 

1  6  A3 

UK 

40.85 

2088 

5690 

1  5.28 

1  6-87 

1  30-95 

2425 

1.  Composition  of  saturated  solution,  weight. % 

2.  Total  content  of  nitrogen,  weight. % 

3.  At 


m*mwm  c+*u 


Figure  11-93.  Flowsheet  for  Production  of  Ammoniates 
Key: 

1 .  Conveyer 

2.  Tank  for  preparation  of  ammoniate 
3,7.  Pumps 

4.  Water  cooler 

5.  Storage  tank  of  aiononiate 

6.  Hydraulic  gate 

8.  Solid  salt 

9 .  To  recovery 

10.  Water 

11.  To  tank  car  12.  Solution  of  fertilizer  salt 


water  reaches  10-15%,  hot  75-82%  solution  of  ammonium  nitrate  is 
fed  into  the  tank  (from  the  ITN  units  process  of  ammonia te 

formation  during  the  interaction  of  a  solution  of  ammonium  nitrate 
and  ammonia  is  accompanied  by  ^he  release  of  heat.  The  removal  of 
this  heat  is  done  when  the  solution  circulates  between  tank  2  and 
water  cooler  4.  The  temperature  of  the  circulating  solution  is 
maintained  in  limits  of  20-25°C.  The  unreacted  ammonia  is  sent  to 
a  scrubber  for  recovery. 

When  the  composition  of  the  circulating  solution  corresponds 
to  the  required  composition  of  the  finished  ammoniate ,  it  is  pumped 
into  storage  tank  5  ,  from  which  it  is  sent  by  oump  into  the  truck 
tank  cars  and  then  shipped  to  the  distribution  points. 

If  ammoniate  is  produced  from  a  mixture  of  ammonium  and  potas¬ 
sium  nitrate,  then  an  appropriate  quantity  of  potassium  nitrate  is 
simultaneously  loaded  into  tank  2  with  the  ammonium  nitrate  in  the 
form  of  a  dry  salt  or  75-80%  solution. 

All  the  equipment  that  is  used  to  produce  ammoniates  on  the  basis 
of  ammoniun  nitrate  is  made  of  aluminum  or  stainless  steel. 

In  studying  the  properties  of  ammoniates  of  varying  composition 
it  was  established  that  ammoniates  based  on  ammonium  nitrate  cause 
more  intensive  corrosion  of  steel  than  ammoniates  which  contain,  in 
addition  to  ammonium  nitrate,  potassium  nitrate.  It  is  therefore 
expedient  to  use  ammoniates  of  roughly  the  following  composition  (in 
%): 

NH, . 20  '  C*(NO»)»  ....  27.7 

NH4NO1 . 30  HjO . 22*3 

Ammoniate  of  this  composition  contains  31.9%  nitrogen.  The 
density  at  20°C  equals  1.25  g/cm^.  The  vapor  pressure  at  20-30°C  is 
roughly  1  atm. 

Ammoniates  are  more  concentrated  liquid  nitrogen  fertilizers 
than  ammonia  water.  They  are  especially  necessary  for  ammoniation 
of  superphosphates  and  fertilizer  mixtures  which  makes  it  possible 
to  improve  their  physical  properties  and  agrochemical  effectiveness. 

399 


TABLE  11-79.  AMMONIATES  BASED  ON  AMMONIUM  NITRATE 
AND  CARBAMIDE1 


Coons. 

MC.  % 

li) 

CoR«pMtsoso  ora 

Tej*nepirVp» 

UUHIWM 

Tsapaot  $aau 

•c 

U) 

itaOTHOCTb 
•  /CM* 

NH.NO, 

CO(NH,)i 

NH, 

H,0 

o6mee 

i 

,  atcNAUoro 

45.1 

15.2 

20.1 

19.6 

39.4 

7.1 

-32.1 

40.1 

151 

22.6 

‘22,2 

39.68 

744 

-36.2 

1  Ot  147 

40.3 

204 

20-1 

19.6 

404 

94 

-29.8 

(  AO  M2 

504 

104 

204 

204 

38.7 

4-7 

-284 

J  . 

Kay: 

1.  Composition  , weight . % 

2.  Nitrogen  content ,% 

3.  Total 

4 .  Amide 

5.  Temperature  of  precipitation  of  solid  phase, °C 

6.  Density,  g/cnr 

7.  From  1.07  to  1.12 


TAELE  11-80.  AMMONIATES  BASED  ON  AMMONIA  AND 
POTASSIUM  NITRATE? 


l«> 

ifapn  uniurai 

noKaasrejis 

*  ! 

8 

C 

^COCTSB,  BBC.  % 

NHS . 

Ca(NO,), . 

NH«NO* . 

H»0 . 

4 )  Conepwaraa  aaoTa,  boc.  %  ... 

£  yfentneparypa  mnazemn  raepsoi 

r  °C . 

((.IMaOmovo*  AaueBae  napoB 

1  (NH»+H»0)  npa  40  °C,  am  .  . 

14.17 

64-67 

22-16 

34—37.5 

9 

0.1 

23- 26 

53-56 

24- 18 
37.5-41 

-25 

1.1 

18-20 

25-28 

27—30 

30—22 

30,5—31-6 

-35 

0.1 

Key: 

1 .  Indicators 

2.  Brands  of  ammoniates 

3.  Composition  .weight. % 

4.  Content  of  nitrogen,  weight. % 

5.  Temperature  of  precipitation  of  solid  phase, °C 

6.  Gage  pressure  of  vapors  (NH3+H9O)  at  40°C  ,  atm. 
Note:  Ammoniate  of  brand  A  is  intended  for  use  at 

warm  season  of  the  year. 


Among  these  ammoniates  one  can  include  ammoniates  based  on  ammonium 
nitrate  and  carbamide  (table  11-79)  ,  as  well  as  based  on  ammonium 
and  potassium  nitrate  (table  11-80).. 


Information  regarding  ammoniates  used  in  the  United  States  is 
presented  in  tables  11-81  and  11-82. 
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TABLE  II -81.  AMMONIATES  BASED  ON  AMMONIUM  NITRATE 
AND  CARBAMIDE  USED  IN  THE  UNITED  STATES110*111 


{*■> 

jj) 

Cocrar,  kc.  % 

Coaepwaim  aaora,  ace.  % 

1 

9) 

a  _ 

4** 
3S  1 

*°ii 

mm 

MapH* 
annua  Ha tob 

•ON’HN 

m 

X 

z 

8 

NH« 

. 

H«0 

(M) 

l 

11 

fi 

p 

i 

Zl 

y 

S2 

if 

II 

in 

If 

ll 

0'> 

Ha  ocHoaa  umatioi  eeiETpH 


6 

60 

— 

34 

6.0 

494} 

1050 

— 

38.50 

14)42 

35 

3 

555 

— 

26 

18.5 

40.8 

9.62 

— 

31.18 

14)79 

12 

2A 

65.0 

— 

21.7 

13.3 

40.6 

1156 

— 

29.24 

1.142 

0.7 

4 

66.8 

— 

16.6 

16.6 

37,0 

11.65 

— 

2555 

1.182 

0.07 

(*l 

Ha  ocaose  xipCimna 


A 

— . 

325 

365 

24.8 

455 

— 

15.1 

30.4 

0.99 

48 

B 

— 

435 

305 

176 

455 

— 

20.2 

25.3 

1.06 

38 

C 

_ 

26.5 

30.0 

38.6 

37.0 

— 

125 

24.7 

14) 

1.54 

D 

— 

355 

25.0 

32-8 

370 

— 

164 

20.6 

1.05 

1.26 

5 

_ 

43.1 

30.6 

265 

453 

— 

20.1 

25.2 

1.05 

1.79 

37  /  ,j) 

— 

355 

25.0 

245 

37.1 

— 

9.1 

20-6 

14)8 

16 

iKHBKnft 

— 

99.9 

— 

82.2 

— 

— 

82-2 

04)18 

148 

hmmhbk 

24.6 

AMMMannafl 
BOA»  l* 

— 

30 

70 

24.6 

0-895 

0-77 

-15 

+1 

-144 


-777 


-80 


Key: 

X  • 
2. 

3. 

4. 

5. 

6. 
7. 
S. 
9. 

10. 

11. 

12. 

13. 

14. 
Note: 


Brands  of  ammoniates 
Composition,  weight. % 

Nitrogen  content,  weight.! 

Total 

In  nitrate  form 

In  amide  form 

In  ammonia  form  3 

Density  at  15.5°C,  g/cmJ 

Gage  pressure  of  vapors  at  40°C,  atm. 

Temperature  of  precipitation  of  solid  phase ,  °C 

Based  on  ammonium  nitrate 

Based  on  carbamide 

Liquid  ammonia 

Ammonia  water,  30! 

Ammoniates  based  on  carbamide ,  with  the  exception 
of  brand  5  product,  contain  ammonium  carbamates. 


Liquid  Complex  Fertilizers 


112-114 


In  recent  years  a  number  of  countries  have  started  to  manufac¬ 
ture  liquid  fertilizers  that  contain  two  or  three  nutrient  elements 
(N,  P,  K) .  Often  their  composition  includes  trace  elements,  herbi¬ 
cides  and  insecticides.  The  additives  that  can  be  separated  from 
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TABLE  11-82.  CERTAIN  CARBAMIDE -AMMONIA  LIQUID 
FERTILIZERS  USED  IN  THE  UNITED  STATES111 


Kaiitie 

:i.:ura 

BCC.  uu 

C  O 

■  r  a  a,  bcc.  % 

(»> 

lI.lOTlMk'Th 

(*♦> 

11*  tiipirij'iiiiio 
JIII.'ICMHC 

Hint  4u  °C 
tun 

(S’) 

TVwjiHw  jyfoi 
biiiiiajicHiiH 
TbC’liiiOll 

Ml, 

H,o 

SH.SO, 

COI.VII,), 

llplf  1  i  C 
.\  c.U* 

45.5 

368 

23.3 

32.5 

0.99 

4.5 

—15 

45.5 

30.5 

16.2 

— 

43.3 

106 

3.5 

11 

37 .0 

300 

37.3 

— 

26.5 

10 

1.4 

—14 

37  .u 

254) 

32.5 

— 

353 

1.05 

1.1 

1.1 

37.1 

25.0 

23.3 

— 

35.3 

1.09 

t.4 

1  1 

45.', 

308 

30.7 

— 

325 

093 

4.0 

—9 

45.3 

30.0 

20.3 

_ 

43.1 

0  97 

3.4 

7  9 

46.0 

37.3 

29.8 

— 

.'12.9 

0.93 

4-9 

—17 

4b  .0 

31. 1 

25.1 

— 

43.8 

0,97 

4.2 

5 

44.4 

24.5 

95 

56.0 

10.0 

Ml 

1.5 

—26 

44.4 

25.0 

10.0 

550 

10.0 

1.11 

1.5 

— 29 

41.0 

19.0 

12.0 

58.0 

110 

1.16 

0.7 

— 14 

44.4 

20.0 

12.0 

50.0 

120 

1.08 

17 

— 22 

494) 

33.0 

8.9 

45.1 

13.0 

1.03 

3.6 

-27 

Key: 

1.  Nitrogen  content,  weight. % 

2.  Composition,  weight. Z~ 

3.  Density  at  15°C  ,  g/cnr 

4.  Gage  pressure  of  vapors  at  40°C,  atm. 

5 .  Temperature  of  precipitation  of  solid  phase ,  °C 


the  solution  while  standing  should  be  added  to  the  solution  before 
it  is  put  into  the  soil. 


Extraction  or  thermal  phosphoric  acid,  anhydrous  ammonia  or  its 
aqueous  solution  and  potassium  chloride  are  used  most  often  as  the 
original  raw  material.  Sometimes  instead  of  the  acid  and  ammonia, 
mono-  and  diammonium  phosphate  are  used.  The  concentration  of 
nutrients  (N,  P20rj ,  ^0)  ln  these  liquid  fertilizers  reaches  26-28% 
and  more. 


Triple  fertilizers  are  used,  for  example,  with  ratios  of  N;?^^ 
K^O  equal  to  2:8:16;  5:10:10;  7:6:19;  10:10:10,  etc.,  as  well  as 
fertilizers  whose  composition  includes  only  two  nutrients,  for 
example,  N:P202 :K20“8 : 24 : 0 ;  10:15:0;  13:20:0;  0:10:10;  0:12:12,  etc. 


With  a  content  of  nutrient  substances  over  30% ,  a  precipitate 
is  released  from  the  liquid  fertilizers  which  impairs  their  putting 
into  the  soil.  However,  the  addition  to  the  solution  of  stabilizing 
additives,  for  example,  hydrophilic  colloid  substances,  prevents 


the  formation  of  these  precipitates.  In  this  case,  the  total  content 
of  nutrients  in  the  liquid  fertilizer  may  be  brought  to  40%  and 
higher. 

The  temperature  of  crystallization  of  liquid  complex  fertilizers, 
depending  on  their  composition  can  fluctuate  in  limits  from  -29  to 
+11 °C.  A  significant  factor  which  influences  crystallization  of  salts 
is  the  degree  of  neutralization  of  phosphoric  acid.  Preservation  of 
all  the  fertilizer  salts  in  the  dissolved  state  when  they  are  mixed 
is  possible  in  a  relatively  narrow  interval  of  concentrations  and 
ratios  of  NH2‘-P205*  The  maximum  solubility  corresponds  to  the  region 
of  conversion  of  monoammonium  phosphate  into  diammonium  phosphate, 
i.e.  ,  with  molar  ratio  of  NH^ .-H-jPO^l .  56  at  0°C  and  1.53  at  25°C. 

The  process  of  preparation  of  liquid  complex  fertilizers  is  re¬ 
latively  simple.  H2-114  phosphoric  acid  is  neutralized  by 
ammonia.  The  heat  of  the  neutralization  process  is  used  for  partial 
evaporation  of  water  from  the  solution.  Then  carbamide  or  ammonium 
nitrate  and  potassium  chloride  are  added  to  the  reactor  and  it  is 
thoroughly  mixed  until  a  transparent  solution  is  obtained. 

In  order  to  reduce  the  cost  of  the  liquid  complex  fertilizers , 
extraction  phosphoric  acid  that  was  obtained  by  nitric  acid  breakdown 
of  the  phosphates  is  often  used.  The  extraction  acid  is  less  expen¬ 
sive  than  the  thermal  phosphoric  acid,  however,  the  extraction  acid 
is  not  always  suitable  for  the  described  process  because  of  the 
presence  in  it  of  a  number  of  admixtures.  Their  removal  may  signi¬ 
ficantly  increase  the  net  cost  of  the  final  products,  the  fertilizers. 

The  capital  investments  for  units  to  produce  complex  liquid 
fertilizers  are  significantly  lower  than  the  capital  outlays  needed 
to  produce  an  equivalent  quantity  of  solid  fertilizers.  However, 
storage  of  the  liquid  complex  fertilizers  is  associated  with  consi¬ 
derable  expenditures.  Consequently,  the  total  economic  effect  of  - 
using  these  fertilizers  is  still  low. 

Liquid  complex  fertilizers  generally  have  a  low  pH,  therefore 
their  storage  and  shipping  require  containers  made  of  stainless  steel 
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of  different  brands 
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1.  Metals  and  Alloys 


General  Section 


TABLE  III-l.  PHYSICAL  PROPERTIES  OF  CERTAIN  ELEMENTS 
WHICH  ARE  COMPONENTS  OF  DIFFERENT  STEELS  AND  ALLOYS 


0) 

OjiexeHT 

4^ 

h 

•a 

£  U  N 

ill 

r 

k 

»•* 

II 

— TF1 

i| 

H  5* 

ifi 

ff? 

sSi 

Si  f 

i  U 
Bill 

1** 

I 

o 

k 

Hi 

<t) 

? 

I? 

§3 

35 

Hi 

r! 

51 

Sr 

SH 

*?)  Ajuomhhhh 

2.7 

658 

24 

0.247 

93 

0.52 

7.2 

('<>)  BaBRRHH 

5-68 

1710 

— 

0.1153 

— 

— 

— 

in)  BoJib^paM 

18.0— 19-3 

3370 

4 

0.034 

44 

0.476 

42 

hi)  Ko6ajihT 

8.9 

1490 

1208 

00989 

58  38 

0.165 

20 

7iS)  K  petunia 

24 

1427 

6.95 

0.1762 

— 

020 

11.2 

(l*)  Maprnaeu 

744 

1244 

23 

0.107 

648 

— 

*— 

(■|SWoin6fl0H 

10.2 

2620 

5.49 

0.06447 

— 

0.35 

35 

At)  Hnm 

8.9 

1452 

13.7 

0.112 

738 

0.14 

21 

'  (n)  Xpot* 

7.14 

1550 

8.1 

0.12 

31.75 

0165 

— 

(ii)  JKmwo 

7.87 

1530 

11.9 

0.1075 

65 

019 

21 

(rt)yraapoa 

222 

— 

1.2 

0.165 

— 

0.057 

0.49 

Tana 

4.5 

1813 

7.14 

0.142 

— 

— 

— 

(m)  Tamaa 

10.8 

2850 

6.5 

0.0356 

— 

0.13 

189 

<U»)H*o6aa 

8~>7 

1950 

7.2 

04)71 

— 

— 

— 

6tt.)Oaoao 

7.3 

232 

224 

0.054 

14.4 

0.157 

4.9 

(>*)  Mwa 

8.94 

1083 

1642 

— 

50.6 

0.923 

11.2 

7.14 

4194 

32.6 

0094 

2.4 

0.268 

13 

0.14 

1700 

— 

0.066 

62 

— 

— 

(iTJCarnwu 

11.34 

327.3 

295 

0031 

6.26 

0.083 

18 

Key: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 
19. 


Element 

Density  in  solid  state,  g/cm3 
Temperature  of  melting ,  °C 
Coefficient  of  linear  expansion. 


x  10°,  deg 


-1 


Specific  heat  capacity  in  solid  state,  cal/(g  x  deg) 
Heat  of  melting,  cal/g 
Heat  productivity,  cal /(cm  x  s,x  deg) 

Modulus  of  elasticity,  E  x  10“ 

Aluminum  ■ 


kg-f /mm^ 


Vanadium 

Tungsten 

Cobalt 

Silicon 

Manganese 

Molybdenum 

Nickel 

Chrome 

Iron 

Carbon 


20. 

21. 

22. 

23. 

24. 

25. 

26. 
27. 


Titanium 

Tantalum 

Niobium 

Tin 

Copper 

Zinc 

Zirconium 

Lead 
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The  nitrogen  industry  has  characteristic  processes  which  occur 
at  high  pressures  and  in  working  media  that  contain  hydrogen,  a  mix¬ 
ture  of  hydrogen  and  carbon  dioxide,  and  ammonia.  Therefore  in 
selecting  the  metal  for  the  equipment  and  pipelines,  one  should 
take  into  consideration  in  many  cases  the  possibility  of  hydrogen 
and  carbonyl  corrosion,  and  when  there  is  ammonia  in  the  gas  at 
temperatures  above  350°C,  also  the  possibility  of  the  formation  of 
a  brittle  nitrated  layer  (fig.  III-3  and  III-4) . 
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Figure  III-l.  Change  in  Mechanical 
Properties  of  Construction  Steels  with 
Addition  to  Them  of  0.1%  Alloying 
Elements 

Key : 

1.  Reduction  in  6  and  41 ,  %  2 

2.  Increase  in  6%  and  <*.,  kg-f/ranr 

3.  Ultimate  strength 

4.  Yield  limit 

5.  Constriction  of  cross  section 

6.  Elongation 


I1'!!-# 

U/o 


far?7  J 


fiLQ 

3 

rf~n 

±n 

,a^rr. 

a  m  m  sm  t  m  mm 

Qt)  Ttrmrpmmijft’Z 


Figure  III -2.  Change  in  Mechanical 
Properties  of  Carbon  Steel  Depending 
on  Temperature 


Key: 


Ultimate  strength,  yield  limit, 
limit  of  proportionality 
Elongation ,% 

Constriction  of  cross  section, % 
Temperature ,  °C 
Ultimate  strength 
Yield  limit 

Limit  of  proportionality 
Constriction  of  cross  section 
Elongation 


un  too  too  woo 
Hydrogen  pressure,  atm. 


Figure III-3.  Boundaries  of 
Water  Resistance  of  Carbon  and 
Certain  Alloyed  Steels  at  High 
Temperatures  and  Pressure  (accor¬ 
ding  to  Nelson)3 

Key: 

_  Hydrogen  corrosion 

-  Surface  decarboniza¬ 
tion 

1.  Low-carbon  steel 

2.  0.5%  Mo  3.  1.0%  Cr ,0.5%  Mo 

4.  2%  Cr,  0.5%  Mo  5..  3%  Cr , 

0.5*  Mo  6.  6.0%  Cr ,  0.5%  Mo 
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TABLE  III-2.  EFFECT  OF  ALLOYING  ELEMENTS  ON  PROPERTIES  OF  STEEL  (according  to 


Element 

Solubility 

A _ 1 

Carbide- 

msa 

forming 

caaacitv 

Aluminum 

171715= — 

creases 
with  rise 
in  carbon 
quantity) 

30 

Less  than 
iron 

Vanadium 

l-2(to  42 
with  0.2Z 

C  content) 

1 

1 

Unlimited 

Very 
strong 
but  less 
than  ti¬ 
tanium 
and  nio¬ 
bium 

Tungsten 

~  6  (to 

11Z  wich 
0.25Z  C 
content) 

T32 

Strong 

Cobalt 

Unlimited 

~80 

1 

The  same 
as  iron 

Silicon 

~2Z(to 

8Z  with 
0.3Z  C 
content) 

'{18.5 

1 

i 

Less  than 
iron 

Manganese 

Unlimited 

i  15-18 

i 

More  than 
iron  .but 
leas  than 
chrome 

Effect  on 
steel  har- 

deaabiliEs 


{Effect  on 
If  errite 


Basic  purpose 


Weak 


{Considerably 

Increases 

hardness 


ConsiderablJWhen  present 
|ln  solid  so 
lution,  mo¬ 
derately  in¬ 
creases  hard 
Inass 


Considerably 
Increases , 
especially 
jwith  low 
content 
Hardenabi- 
lity  re¬ 
duced 
Weak 


Moderate 

<Ni*Mn*Cr) 


Considerably 

Increases 

strength 

Increases 

strength 

(Mn  <  Si<  P) 


Noticeably 
Increases 
{strength  .but 
Reduces 
plasticity 


Active  deoxidizing  agent 
Craphltizer 

Inhibits  growth  of  grain 
as  a  consequence  of  forma¬ 
tion  of  dispersed  oxides 
snd  nitrides 

Basic  alloying  component  In 
initrided  steels 
Increases  scale  resistance 
of  steel 

Increases  f lne-grelnlness , 
|hardenablllty ,  resistance  to 
creep  (less  then  molybdenum) 


Increases  hast  resistance 
Basic  alloying  component  in 
fast-cutting  steels  (because 
of  formation  of  strong  and 
{solid  carbides) 

Austenite- forming  component 

in  special  alloys  for  high 

temperatures 

Basic  doxidlzing  agent 

[Graphltizer 

Basic  alloying  element  for 
{dynamic  and  magnetic  steels 
Increases  heat  resistance 
{Deoxidizing  agent  and  de- 
sulfurizer 

Austenite- forming  elements 
Increases  hardenabillty  of 
steel 
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Molybdenum 

***3(to  8X 

~32(de- 

Strong 

More 

Ihen  present 

Increases  heat-resistance 

with  0 . 3* 

creases 

(more  than 

(Mo>Cr) 

Ln  solid  so- 

Considerably  improves 

C  content 

with  drop 
in  temper¬ 
ature) 

chrome ) 

ution 

ncreases 

itrength 

creep  resistance 

Increases  hardenability 
Improves  corrosion  resis¬ 
tance  of  austenite  steels 

Nickel 

Unlimited 

-25 

I.ess  than 
iron 

Weak 

increases 
itrength  and 
viscosity 

Basic  austenite-forming 
element  in  chrome-nickel 
steels 

Graphitizer 

Increases  strength  of  tin- 
tempered  steel 

Increases  impact  viscosity 
especially  at  low  temps. 

Titanium 

0.75(1: 
with  0.25J 

6 (drops 
with  de- 

Maximura(2I 

Ti  makes 

Stable 
and  not 

" 

Reduces  formation  of  mar¬ 
tensite  in  chrome  steels 

0  content) 

cline  in 
temperate 

steel  with 
0.5:  C  non- 
hardenable) 

easily  so 
luble  car 
bides  re¬ 
duce  har- 
denabilit’ 

Stabilizes  structure  of 
austenite  steels 

Inhibits  grain  growth 

Phosphorus 

0.5: 

2 . 5I(re- 
gardless 
of  carbon 
content) 

Not  formed 

Considerably 

increases 

hardness 

Increases  corrosion  resis¬ 
tance 

Improves  mechanical  worka¬ 
bility  of  soft  steel 

Chrome 

12:  <20: 

with  0.5: 

C  content) 

Unlimited 

More  than 
manganese  , 
but  less 
than  tung¬ 
sten 

Moderate 
(but  more 
effective 
than  Mn) 

Slightly 

increases 

hardness 

Increases  corrosion  resis¬ 
tance  and  oxidation  resis¬ 
tance 

Increases  hardenability 
Somewhat  increases  heat- 
resistance 

Figure  III. A.  Resistance  of  Different  Structural  Materials  to 
Carbonyl  Corrosion  in  Gas  Mixture  with  Ratio  of  Components  £0:^  = 
1:1  at  High  Temperatures  and  Pressure  (according  to  Nelson)-5 


Key : 


a. 

b. 
1. 
2. 

3. 

4. 

5. 

6. 


at  250  atm. 

at  700  atm.  Composition  ,% 

Carbon  steel  c  iu  cr  ni  m«  u 

Chrome-molybdenum  steel  -  _____  -  _ 

The  same  “•**  _••*»  *•*••£•  oj®“  - 

Carbon  steel,  protected  w  o3r  - 

By  galvanic  coating  (zinc-plated)  _  _ 

Chrome-nickel  austenite  steel  m#  -  i.a  -  0^&» 

Manganese  cooper  ~  *•*  ”  ~  -  - 


Ctt 


•4.1 


I.  23.9  mm/year  (at  210°C) 

II.  136.8  (at  260°C) 

III.  43.4  (at  300°C) 

IV.  21.2  (at  260°C) 

7.  Rate  of  corrosion,  mm/year 

8.  Testing  temperature  ,°C 


In  selecting  the  material  for  making  the  equipment ,  it  is 
necessary  to  be  guided  by  the  regulations  of  the  State  Scientific 
and  Technical  Mining  Inspection.  According  to  these  regulations, 
tablts  III-5-III-9  indicate  the  areas  of  application  of  steels 
without  consideration  frt  the  adverse  effect  of  hydrogen  and  other 
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aggressive  media. 


4 


TABLE  III -2a.  RESISTANCE  OF  CERTAIN  STEELS  TO  NITRIDINC-2 


^l)  XaMBnecxaft  eocrat  crua,  % 

‘Annan 

c 

Mo 

N1 

Cr 

Tl 

w 

•JWIMHTM 

HOroT  cion 
JU 

0.038 

__ ^ 

_ _ 

0,03%  S 

(s) 

OicyrcTsm 

0.15 

— 

—■ 

— 

— 

> 

0.12  | 

0.91 

0.11 

046 

— 

—  ! 

_ 

» 

0.24  ! 

0.37 

3.01 

— 

0.57 

0,77%  V  | 

2 

[*)  0.15 

0.35 

400—600 

— 

— 

2.75 

lie  okce  0,15 

— 

11.5-14.5 

— 

— 

_  ! 

1.5 

>  0.15 

— 

He^jiee 

2.0 

15.5—18.5 

— 

— 

_ 

1.0 

»  0.20 

23,0—27,0 

— 

— 

— 

0.75 

•>  012 

■  — 

8.0-11.0 

17-20.0 

0.50  I 

— 

— 

0.30 

0-12 

— 

12.0 

13.0 

0.70  j 

1.25 

— 

0.25 

0.08 

:  «— 

9.0 

18,0 

— 

— 

0,3%  Nb 

0.20 

lie  oo.iec  0,25 

— - 

17.0—210 

22—26.0 

— . 

— 

_ 

0.45 

U06 

— 

— 

1  - 

0.16 

— 

_ 

0.1 

0.05 

— 

0.30 

0.10 

0.35 

— 

_ 

0.75 

00035 

3.68 

— 

0,61 

— 

— 

15 

0.05 

0.14 

0.54 

2.97 

3.0 

Key : 

1.  Chemical  composition  of  steel ,% 

2.  Other  elements 

3.  Thickness  of  nitrided  layer,  mm 

4.  Not  more  than 

5 .  Lacking 

Note:  The  data  were  obtained  as  a  result  of  tests  on  samples 
of  metals  in  an  ammonia  synthesis  column  at  325  atm. 
and  450-500°C;  ammonia  content  11-16%;  duration  of 
testing  4380  h. 
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TABLE  III-3.  MATERIALS  TO  MAKE  PARTS  OF  PIPELINES  WHICH 
CONTACT  WORKING  MEDIA  CONTAINING  HYDROGEN 


(From  standards  of  Irgkutsk  branch  of  State  Scientific 
Research  and  Planning  Institute  of  Oil  Machine  Construction) 
Coefficient  of  conversion  into  SI  system:  pressure  atm.  x 
98066.5=  n/m2,  or  atm.  x  0.980665  *  bar. 


Working  320  atm. 

nrpssnrp 

!  700  acm. 

Temperature  I 
dearee 

II 

III 

I 

II 

III 

Temperature  from  -5C 
of  working  to  +200 

modi  irm°f! 

200-400 

400-510 

from  -50 
to  +200 

200-400 

400-510 

Convention-  6-200 
al  openings 
mm 

6-200 

6-32 

40-200 

6-15 

25-150 

6-150 

6-150 

Name  of 


Brands  of  steels  and  alloys 


parts 

pipes 

Shaped 

parts 

Flanges , 

blind  and 

connecting 

Threaded 

flanges 

Dowels 


Nuts 

Lenses 


20  . 
20,25, 
35.15G 
20 ,25 
30,35, 

15G 

35,40, 

30G 

35KhG2 , 
38KhA 
30Kh,40Kh 
39Kh,35, 
30G 
20 


18Kh3MV 

l8Kh3MV 

18Kh3MV 


38KhA,40Kh 

40KhFA 

3QKhMA, 

38KhA 

30Kh,20KhG 

18Kh3MV 


18Kh3MV20Kh2WF 

18Kh3W20Kh2MVF 

18Kh3MV20Kh3MVF 


25Kh2MFA 

18Kh3MV 

25Kh2MFA 


30KhMA 

20Kh3MVF 

I 


30KhMA  40Kh  (18Kh3MV 
20KhG,  30Kh  L8Kh3MV 


20Khg  ,40 , 
30Kh 


I8Kh3MV 

i 

3SKhA,40Kh 


35,40  ,30G, 

30Kh 

35KhG2 ,38KhAj40KhFA 
30KhMA,46Kh 


30Kh  ,20KhG 


20 


30KhMA 

30Kh,20KhG 


20KhGlL8Kh3MV 
40Kh 
30KHMA 


20Kh2MVF 

20Kh3MVF 

20Kh3MVF 


25Kh2MFA 

20Kh3MVF 

25Kh2MFFA 


30KhMA 

2QKh3MVF 


Note:  1.  Brands  l8Kh3MV  and  20Kh3MVF  corresoond  to  the  old  brands 

EI578  and  EI579. 

2.  Here  and  further  the  pressure  is  absolute 

3.  If  ammonia  is  transported  on  the  pipelines  (or  gas  mixtures 
which  contain  ammonia)  at  temperatures  above  350°C,  the  pipe 
material  is  selected  with  regard  for  .its  resistance  to  nitri¬ 
ding  (see  table  III-2a) . 


TABLE  III-4.  RECOMMENDATIONS  FOR  USE  OF  CARBON  AND  CERTAIN  ALLOYED 
STEELS  FOR  WORKING  MEDIA  CONTAINING  HYDROGEN  AT  DIFFERENT  TEMPERATURES 
IN  PRESSURE  INTERVAL  FROM  1  TO  100  ATM. 


Partial  pressure 
of  hydrogen ,  atm. 

Maximum 

.  temDerature  of  use.°C 

200  1  1 

450 

500 

540 

1-1.7  - 

1.7-11 

Carbon 

Carbon 

12KhM 

IZKhM 

18Kh3MV, 

11-70 

12KhM 

18Kh3MV 

20Kh3MVF 
lKhl8N9T 
20Kh3MV , 

Carbon  j 

415 

20Kh3MVF 

lKhl8N9T 

lKh!8N9T 

i 


r 


V 

I 


7C-100 


Carbon 


13Kh3MV  ,20Kh3MVF 
!Khl8N9T 


20Kh3MVF  i lKh!8N9T 


Note ; 


1.  If  it  is  impossible  during  operation  to  guarantee  constant 
partial  pressure  of  hydrogen  and  temperature  of  the  working 
medium,  then  when  the  table  data  are  used  one  should  intro¬ 
duce  the  appropriate  corrections. 

2.  When  carbon  steels  are  used  for  welded  apparatus  and  pipe¬ 
lines  ,  as  well  as  if  their  parts  are  exposed  to  deformation 
(bent  arms,  stamped  bottoms,  etc.)  under  temperature  conditions 
over  200°C,  the  partial  pressures  of  hydrogen  must  not  exceed 

7  atm. 

3.  Brands  18Kh3MV  and  20Kh3MV  correspond  to  old  brands  EI578 
and  EI579 . 


TABLE  III-5 .  AREA  OF  APPLICATION  OF  SHEET  STEEL 


Materials 

GOST  or  TU 

Area  of  application 

Types  of  tests 

working 
temperature 
of  wall  ,°C 

working 
pressure  of 
medium ,atm. 
no  more 

St. 2. St. 3. 

St. 4 .rimming 

St. 3  ,St . 4 
rimming 

380-6  U 
(group  A) 

from  -15 
to  +200 

from  -30 
to  +200 

16 

■ 

Testing  from  batch 
of  sheets  for 
stretching  and 
bending 

Testing  from  batch 
of  sheets  for 
stretching ,  bending 
and  impact  viscosity 

St.  3  ,St.  4 
killed 

The  same 

380-60 
(group  A) 

from  -30 
to  +400 
from  -40 
to  +425 

50 

Testing  of  each  sheet 
for  stretching  .bend¬ 
ing  and  impact  vise. 

15K ,20K ,25K  . 

5520-62 

from  -40 
to  +475 

Not  limited 

According  to  GOST 

10,15,20 

killed 

1050-60 

from  -40 
to  +450 

the  same 

According  to  TU 

10G2T 

TU 

from  -70 
to  +450 

If 

The  same 

12MKh 

TU 

from  -40 
to  +540 

II 

II 

lKhl8N9T 

7350-55  and 
TU 

from  -196 
to  +600 

II 

According  to  GOST 
and  TU 

Khl8N12M2T 

5632-61 

7350-55 

from  -196 
to  +700 

II 

According  to  TU 

Notes : 


1.  At  temperatures  lower  than  those  indicated  in  tables 
III-5-III-9  ,  the  use  of  steels  that  are  presented  in  these 
tables  is  only  permitted  with  mandatory  testing  of  the  base 
metal  and  welded  seam  of  the  vessel  for  impact  viscosity  at 
working  temperature;  impact  viscosity  in  this  case  must  be 


less  than  2  kg-f  x  m*/cm2. 


no 

2.  The  rimming  carbon  steel  must  be  used  to  make  vessels 
only  with  thickness  of  the  sheet  no  more  than  26  ram. 
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TABLE  III-6.  AREA  OF  APPLICATION  OF  STEEL  PIPES  IN  MAKING  IMPORTANT 
CONTAINERS  AND  THEIR  ELEMENTS 

Coefficient  of  conversion  into  SI  system:  pressure--atm.  x  98066.5* 
n/m^,  or  atm  x  0.980665=bar 


Brand  of  steel 

GOST  or  TU 

Area  of  aoplieation 

Types  of  tests 

working  j 

working 

pressure  of 

of  wall ,  C 

medium,  atm. 

no  more 

St. 5  ,St.6 

8731-66 

from  -30 

220 

According  to  GOST 

8732- 58 

8733- 66 

8734- 58 

to  +120 

MSt.2  ,MSt. 3 

10704-63 

from  -15 
to  +200 

16 

The  same 

St. 2  , St. 4 

8731-66 

from  -15 

16 

n 

8732- 58 

8733- 66 

to  +300 

MSt.3,  killed 

8734-58 

10704-63 

from  -30 

50 

Checking  mechani- 

to  +350 

cal  properties  of 
welded  seam  of 

every  10th  pipe 
according  to  reg¬ 
ulations  of  State 

Sci.  and  Techn. 
Mining  Inspection 
X-raying  of  15Z 
longitudinal  seam 
of  every  pipe 
Hydraulic  test  of 

every  pipe  or  con 
tainer  housing 
under  oressure, 

1.5- fold  greater 
than  working 

10,20 

L0705-63 

from  0  to 

13 

According  to  GOST 

and  TU 

+300 

and  TU 

10 ,20  .killed 

B731-66 

from  -40 
to  +400 

50 

According  to  GOST 

10  ,20 

B732-58 

from  -40 

60 

The  same 

8733-66 

to  +450 
from  -40 
to  +450 

160 

8734-58 

from  -40 

160 

Testing  of  each 

to  +475 

pipe  according  to 
GOST 

30KhMA 

4543-61 

from  0  to 

Hot  limited 

According  to  TU 

and  TU 

+500 

1 

jThe  same 

12MKh  and 

TU 

from  -40 

The  same 

12MKhF 

to  +500 

» 

Kh5M 

TU 

from  -40 
to  +550 

ft 

1 

12KhM 

TU 

from  -40 

II 

” 

to  +560 


12KhM 

(15KhM) 

12KhMF 
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II 


1KM8N9T 

KK13N12M2T 


9940- 62  from  -196  to  +600 

9941- 62  from  -196  to  +700 


ft 


[According  to  GOST 
[The  same 


TABLE  III-7.  AREA  OF  APPLICATION  OF  LARGE  STEEL  FORGED  PIECES  FOR 


MANUFACTURE  OF  i 

CONTAINERS 

Steel  brand 

GOST  or  TU 

1  Area  of  application 

pressure,  atm 

15,20  , 25  ,  A2IC 
12Mkh  (12MKhF) 
12MKh(15KhM)  , 

1 2MKhF 
lKhl'8N9T 

GOST  8479-57 
TU 

rr 

ii 

Not  limited 

The  same 

II 

It 

TABLE  III-8.  AREA  OF  APPLICATION  OF  STEEL  SHEET  FOR  CONTAINERS  AND 
THEIR  COMPONENTS 


Steel  brand  and 

GOST  or  TU 

Area  of  aonlication 

casting  group 

. 

wall  temperature  ,°C 

pressure ,  atm. 
no  more 

15L  ,20L ,25L  ,30L 

977-58 

from  -15  to  +400 

50 

(group  I) 

15L  ,20L  ,25L  ,30L 

the  same 

from  -40  to  +450 

Not  limited 

(grout)  II) 

Khl7  * 

according  to  TO 

from  0  to  +450 

the  same 

30KhMAL 

the  same 

from  0  to  +480 

if 

18KhML 

i» 

from  -40  to  +540 

ft 

lKhl8N9T 

II 

from  -196  to  +600 

n 

Kh5ML 

if 

from  -40  to  +550 

It 

lKhl8N9TL 

If 

from  -40  to  +500 

it 

20KhMFL 

ff 

from  -40  to  +570 

ii 

20KhML 

7832 

from  -40  to  +540 

ii 

Note:  1.  The  casting. is  used  in  a  thermally- treated  state  depending 

on  the  chemical  composition  and  mechanical  properties  (og,6); 
for  castings  of  the  II  and  III  groups  with  pressure  over  50  atm. 
and  temperature  above  400°C  the  impact  viscosity  is  also  deter¬ 
mined  . 

2.  For  castings  made  of  alloyed  steel,  a  study  is  also  made 
of  the  macro-  and  microstructure  in  a  thermally- treated  state, 
and  if  necessary ,  the  tendency  towards  intercrystallin:e 
corrosion. 


TABLE  III- 9.  AREA  OF  APPLICATION  OF  STEELS  FOR  MANUFACTURE  OF  BOLTS, 
DOWELS  AND  NUTS 


Steel  brand 

GOST 

I  Area  of  application 

Purpose 

temperature , °C 

Pressure , 
atm.  no  more 

St. 3  , St. 4  ,St. 5 

380-60 

From  -30  to  +350 

50 

Bolts  .dowels , 
nuts 

25,30,1^,40 

35Kh,3ttKhA,40Kh 

35Kh,38KhA,40Kh 

1050-60 

4543-61 

4543-61 

From  -30  to  +435 
From  -40  to  +435 
From  -40  to  +480 

Not  limited 
The  same 

ll 

The  same 
Dowels , bolts 
Nuts 

* 


3CKhMA 

:OKhMA 

25Kh2MFA 

4Khl2N14V2i: 

EI69) 

IKhl8N9T 


(4543-61  From  -40  to  +480 

4543-61  From  -40  to  +510 

4543-61n  From  -40  to  +550 

5632-61  To  +600 
and  TU 

5632-61  From  -196  to  +600| 

and  TU 


Dowels ,  bolts 
Nuts 

The  same 

Bolts .dowels ,nuts 
The  same 


Carbon  Structural  Steels 

TABLE  III-10.  CHEMICAL  COMPOSITION  (in  %)  OF  CARBON  STRUCTURAL  STEELS 


M»(>KU  | 
CTiUlll 


!  01  I 

~T3T — ~ 

h  cv  8  o  ji  e  e 


C  t  a  ji  b  yraepoAncTax  i;oucTpyKunoHnaa 
(rOCT  105(J— 60) 


yr 


0.07-0.14 

0.17—0  37 

035—0.65 

035 

0.04 

0.15 

0.17-024 

0.17—0.37 

0.35—0.65 

0040 

004 

0.25 

0.22—0.30 

0.17—037 

0.50—0-80 

0  040 

0.04 

0.25 

0.27 — 0.35 

0.17—0.37 

0.50—0.80 

0.040 

0.04 

025 

0-32—0.40 

0.17—0217 

0250—0.80 

0040 

0.04 

0.25 

0.37 — 0.45 

0.17 — 0.37 

0.50 — 0.80 

0.040 

004 

0.25 

yraepo,qncTaa  c  goiumtnuH  cogepixiaueu  itapraaua 

(rOCT  1050-60) 


0.12—0.19 

0.17-0.37 

0.7—10 

0.04 

004 

0.25 

035 

017-0.24 

0.17-0.37 

0.7-1 .0 

004 

004 

0.25 

0.25 

0.27—0.35 

0.17—0.37 

0.7 — 1.0 

004 

0.04 

0.25 

0.25 

y  r  a  e  p  o  a  a  c  t  a  a  ancroaaa  a  «  KOTiocTpoeuii 
{rOCT  5520—62) 


0.12—0.20 

0.15—030 

035—0.65 

004 

0045 

016—034 

0.15-030 

035-0.65 

004 

0.045 

— 

Key: 


Brand  of  steel 
Not  more 

Carbon  structural  steel  (GOST  1050-60) 

Carbon  steel  with  increased  manganese  content  (GOST 
1050-60) 

Carbon  sheet  steel  for  boiler  construction  (GOST 
5520-62) 
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TABLE  III- 11 
STEELS5 


CERTAIN  PHYSICAL  PROPERTIES  OF  CARBON 


Key: 

1.  Brand  of  steel 

2.  Density,  g/cnr  6 

3.  Coefficient  of  linear  expansion*,  a  x  10  ,  deg 

4 .  at 

5.  Coefficient  of  heat  conductivity,  cal/(cm  x  s  x  deg) 

6.  Specific  heat  capacity  (cal /g  x  deg) 

7.  As  in  steel 

8.  The  same 

*Average  values  for  indicated  temperature  intervals. 


TABLE  III-12.,  MODULUS  OF  ELASTICITY  OF  CERTAIN  u  0 

CARBON  STEELS3’0  AT  DIFFERENT  TEMPERATURES  (E  x  10  ,  kg-f/ranT) 


n 


or 


T«in«paTypa 


Nipm  own 


W 


20 

100 

200 

■TOO 

400 

450 


10 

15 

20 

20 

30 

3$ 

1.98(W^r15*C) 
2.12  (nprl-40  C) 

205 

1.90 

20 

2.02 

200 

202 

200 

2.1 

201 

1.88 

— 

— 

1.95 

1.90 

(aim  -100  °C) 

1.89 

185 

1.79 

2.12 

(npw  —180  °C) 

1-75 

— 

1.61 

1.67 

1.71 

— 

— 

1.52 

1.52 

147 

to 


213 

2.10 


1.98 


Key: 

1.  Temperature ,  C 

2.  Brand  of  steel 

3.  at 


420 


4*j,‘  * 


TABLE  III-14 .  MECHANICAL  PROPERTIES  OF  BOILER  STEEL 
(GOST  5520-62) 


3.  Yield  limit,  kg-f/mm  for  group  of  thickness* 

4.  Relative  elongation  with  varying  ultimate  strength 

5.  Impact  viscosity  at  20°C  kg-f  x  m/cm^  for  group  of  thickness* 

6.  Bending**  in  cold  state  at  1808  with  sheet  thickness 

7.  kg-f /mm z 

8.  to  30  mm 

9.  over  30  mm 
* 

Depending  on  the  yield  limit ,  the  sheets  of  steel  are  divided 
in  thickness  into  three  groups:  I--from  4  to  20  mm;  II--from 
21  to  40  mm;  III — from  41  to  60  mm. 

ikic 

d — diameter  of  casting;  a-- thickness  of  sample. 

Below  are  the  mechanical  properties  of  steel  for  the  manufacture 
of  high  pressure  pipes  (according  to  the  standards  of  the  Irkutsk 
branch  of  the  State  Scientific  Research  and  Planning  Institute  of 
Oil  Machine  Construction  for  parts  of  pipelines  for  320  and  700  atm)^ 


Brand  of  steel  2 

Ultimate  strength*  , kg-f /ram  ,  no  less 
Yield  limit,  kg-f/mm  ,  no  less 
Relative  elongation  ,% ,  no  less 


Impact  viscosity*,  kg-f  x  m/cm'1 
Brinell  hardness  HB  ,  kg-f/mnr 


no  less 


Coef 
x  10 


ficients  of  conversion  into  SI  system: 

°  =  n/mz;  kg-f  x  m/cnr  x  9.80665  -  J /mz 


20 

17 

5 

111-156 

kg-f/mm^  x  9.80665 


TABLE  III-15 .  MECHANICAL  PROPERTIES  OF  FORGED  PIECES  MADE 
OF  CARBON  STEEL  (GOST  8479-57) 


(SV  m , 


28  28 
28  22 
22  20 
20  18 
18  18 
18  14 

14  12 


\(<.rzzssr 


30  !  3  >8 

28 


1  I  "WBT 

2  !  s  I  :  I  !  I  !  :  s 


5.5 

5a 

4.5 

4A 

4a 

&5 

3.0| 

aa 

3,0 

aa 

174-217 


Key: 


:*  to  vo  r-* 


treatment ,  mm 
Brinnell  hardness ,  HB 
Relative  elongation,  %,  no  less 
Relative  constriction ,  no  less 
Impact  viscosity,  kg-f  x  m/cm  ,  no  less 

Note:  1.  In  the  column  "Category  of  strength"  the  two-term  number 

after  the  letters  KP  designates  the  ammount  of  yield  limit. 

2.  The  norms  of  mechanical  properties  for  forged  pieces  with 
diameter  or  thickness  over  800  mm  are  set  by  agreement  between 
the  manufacturer  and  the  customer. 

3.  The  values  of  mechanical  properties  refer  to  the  longi¬ 
tudinal  cylindrical  quintuple  sample  of  diameter  10  mm  and 
normal  impact  sample  (according  to  GOST  9454-60) . 


TABLE  III-16 .  CALCULATED  CHARACTERISTICS  FOR  CERTAIN 
CARBON  STEELS8 

Coefficient  of  conversion  into  SI  system:  mechanical 
stress  kg-f/mm^  x  9.80665  x  108  n/m^ 


“HE 


'•wnpOTp*.  “C 


CT&HB 

20 

200 

200 

200 

300 

400 

.  420 

400 

470  | 

(^yeioaiui  npeaea  TtxyiecTi  o{,  kic/mm* 


10 

18 

16.0 

14.5 

13.5  • 

11,5 

ioa 

— 

sa 

_ 

6a 

20 

22 

19.0 

17.5 

15.5 

13.5 

12.0 

— 

ioa 

— 

sa 

25 

24 

20.5 

18-5 

16.5 

14.5 

13.0 

— 

na 

— 

9.0 

30 

26 

22.0 

20.0 

17.5 

15.5 

13.5 

— 

11.5 

— 

9.5 

35 

28 

24.0 

21.5 

190 

17a 

145 

‘ — 

12.5 

— 

105 

MSt3 

21 

18a 

17.0 

15.0 

13a 

— 

— 

— 

— 

— 

15K 

20 

17.5 

16.0 

14^ 

125 

11.0 

— 

9.0 

— 

7a 

20K 

22 

19.0 

17.5 

15.5 

13.5 

12.0 

— 

ioa 

— 

sa 

25K 

25 

21.0 

19a 

'  17a 

.  15a 

13a 

— 

11.0 

— 

9a 

10 

15 

20 

25 

30 

35 


CD 


YcJioBHUft  np«A«Ji  noJiByiecTH  a„,  kzc/mm* 


— 

8.5 

6.3 

44 

3.1 

__ 

_ 

_ 

9.5 

7.0 

4a 

3.6 

— 

— 

ioa 

7a 

5.0 

3.6 

_ 

_ 

— 

ioa 

8.0 

5.3 

3.7 

_ 

_ 

na 

sa 

5.5 

3.6 

— 

— 

— 

— 

— 

120 

sa 

sa 

34 

2.2 

2-5 

2*5 

2.5 


Key: 

1.  Brand  of  steel 

2.  Temperature ,°C  .  2 

3.  Conventional  yield  limit,  o™,  kg-f /mm  2 

4.  Conventional  creep  limit,  ,  kg-f/mnr 

Note.  1.  The  calculated  characteristics  given  in  table  III-16 
correspond  to  the  lower  limits  of  strength  and  can  be 
used  to  compute  the  parts  made  of  rolled  metal  and 
forgings. 

2.  The  data  for  steel  brand  30  and  35  correspond  to 
steel  after  normalization. 

3.  The  conventional  creep  limit  is  given  for  creep 
rate  of  10“?  mm/mm  x  h. 
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T/BLE  I I 1-17.  MECHANICAL  PROPERTIES  OF  METAL  OF  CASTINGS  MADE  OF 
CARBON  STEEL  IN  NORMALIZED,  OR  NORMALIZED  AND  TEMPERED,  OR 
ANNEALED  STATE  (GOST  977-65) 


0'i 

Mapx*  cram 

Upeaea 

i  iwTwni  | 
me /mm* 

npwwi^ 

opemocr* 

me /mm* 

; - I3T" 

OmaHMtwt 

Trnamam 

!  % 

cpwt*— 

i  * 

yiupn»>i 
■HSKOOTk 
me  -m/cm* 

!  (*...7..  ■ 

15.X 

20 

40 

24 

35 

50 

20.L 

22 

42 

22 

35 

50 

25  I* 

24 

45 

19 

30 

4,0 

»  L 

26 

48 

17 

30 

30 

35  L 

28 

50 

15 

25 

3.5 

40.  L 

30 

.  53 

14 

25 

30 

Key: 

1.  Brand  of  steel  ~ 

2.  Yield  limit,  kg-f /min  2 

3.  Ultimate  strength,  kg-f /mm 

4.  Relative  elongation  ,7. 

5.  Relative  constriction  ,Z  2 

6.  Impact  viscosity,  kg-f  x  m/cm  7.  No  less 

Note:  For  castings  with  minimum  thickness  of  the  wall  over  100 
mm,  the  standards  of  mechanical  properties  are  set  by 
the  specifications. 


Figure  III- 5.  Effect  of  Tempering 
Temperature  on  Mechanical  Properties 
of  Steel  20 

Key:  2 

1.  kg-f /mm 

2.  Tempering  temperature  ,°C 


Low-Allov  and  Alloy  Structural  Steels 


TABLE  III- 18.  CHEMICAL  COMPOSITION  (IN  %)  OF  LOW- 
ALLOY  AND  ALLOY  STRUCTURAL  STEELS 
(GOST  4543-61,  GOST  10500-63) 


0) 

1 

- - - 

<*) 

npo'tiih  jaeutHTu 

M,.  pi.,i  eta.au 

G 

1  *  I 

Mn 

Cr 

|  Ml 

Vo 

ys 

33KhA 
IS 


mxoJierupoiaHBue  cujih 


35 

SJgSA 

38i<hYu 
3SKhMYuA 
18 .  KhG 


25  *>hlMF 
18.Ch3MV 
20Ch3MVF 
25Rh3NM 


10.25-0.3310.17 
0.36—0.441 
035 — 0.42 
0.12—0.18 
0.37—0.44 
0.11—0.18 
0.26—0.33 
0.32—0  40 
0.28—0.35 
0.28-0.34 
10.35—0431 
0.35-0.42 
10.15—0.21 


-087 
0.17 — 0.371 
0.17-0.37 
0.17—0871 
0.17 — 0.371 
0.17-0.37 
0.17—0.37 
0.17—0.37 
0.00—1,20] 
0.90—1.20] 
0.17—0.37 
0.17-0,37! 
0.17— 0-37 


10.50 — 0001080 — 1.10 
050—000  0.80—1.10 
0.50 — 0.80  000—1.10 
0.40-0.700.80-1.10 
0-50 — 0.80000 — 1.10 
0.40— 0.70)080— MO 
0.40—0.7010.80—1.10 
1.60—  1.90l0.40 — 0.70 
0,80—1.1010.80—1.10 


0.80—1.10 

0,20—0.50 

0.30—0.60 

0,90—1,20 


0,80—1.10 

1.50—1.80 

1.35-1.65 

0.90-1,20 


e r h  p  o  b a  u  h u a  etan 


10.22-030  0.17-0.37  040-0  70  1.60—180 
jO.ll — 0.20  <0,40  0.25—0.50  2,50—300 
0.16—052  <040  0.25—050  25—32) 
050—080  026—0,3210.60— 1 0  28—3.2 


040-055 

10.15-0.25 


10.15—0.25 


0.1 — 0,2%  V 
0.1— 0.2*4  V 


0.5—08%  Al 
0.7— 1.1%  Al 


<0.30 

<0.25 

<0-25 

0.9-15 


0.25-0.35 
0.50-0,70 
0.35—050 
0-35 — 050 


0.2— 0.3%  V 
0.5—08%  W 
0.70—085%  W 


Key: 

1.  Brand  of  steel 

2.  Other  elements 

3.  Low-alloy  steel 

4.  Alloy  steel 

Note:  The  content  of  sulfur  and  phosphorus  in  the 

quality  steels  is  0.04%, each,  and  in  the  high-quality 
steels  0.03  and  0.035%  respectively. 


TABLE  III-19.  CERTAIN  PHYSICAL  PROPERTIES-  OF  LOW-ALLOY 
STEELS6 
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Bttpxa 
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t *c 
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20-200 

20-400- 
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400  1 
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h 
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no 9Mmxm  oneft* 
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|  *OA/ (CM'OrifipaO) 
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138 
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148  ! 

0.110 

0.104 

0.092 

08827 

2okS 

782 

13.4 

138 

148 

148 

0.110 

010 

— 

089 

780 

7.81 

128 

11.0 

125 

138 

13.7 

_ 

40KhF 

'  124)., 

(npHf' 

» 

0.125 

0.116 

0.108 

0.10 

25- 

25- 

500— 

300  UC) 

600  °C) 

600  °C) 

30KM 

— 

125 

139 

14.4 

0,102 

0.097 

— 

35K.M 

— 

— 

125 

13.9 

144 

0.097 

|Hg 

30  SlGS 

300  °C) 

7.75 

— "  j 

— 

— 

— 

— 

25- 

25- 

25BhlMF 

— 

I  iu  1 

11.7 

138 

144 

—  j 

— 

Key: 

1.  Brand  of  steel 

2.  Density,  g/cm"3 

3.  Temperature  ,  °C  , 

k.  Average  values  of  coefficient  of  linear  expansion,  a  x  10°, 

deg. 

5.  Coefficient  of  heat  conductivity,  X,  cal/(cm  x  s  x  deg) 

6.  at 


TABLE  III-2Q .  MODULUS  OF  NORMAL  ELASTICITY  AND  SHEAR 
MODULUS  OF  CERTAIN  LOW-ALLOY  STEELS6  (in  kg-f/tnmz) 


CO  1 

( -*^  Tr«n6p*ryp«.  *C 

Map* a  | 

ITpcaea 

upoq- 

20 
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300 

500 

20 
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300  | 

500 

i 

i 

me  /mm9 

i 

So 

MonT-ik  nopuMbHOt  yiipyrocrn 

(5) 

Monyjib  caBKro 

30Kh 

4oKh 

35KhM 

70 

8G 

70 

21  850 
20  000 
21900 

21500 

21600 

|  20100 

20  500 

1 

17950 

18600 

8500 

8400 

8300 

P* 

7600 

7550 

6600 

6600 

30K.hMA 

76 

21900 

21 600 

20  500 

18  600 

8400 

200^0) 

200  °C) 

7550 

: 

6600 

^KhlMF 

78 

21900 

21600 

20560 

19000 

1  " 

1 

— 

Key: 

1.  Brand  of  steel  2 

2.  Ultimate  strength,  kg-f/mnr 

3 .  Temperature  ,  °C 

4.  Modulus  of  normal  elasticity 

5.  Shear  modulus 

6.  At 

Figure  III -6  presents  the  curves  which  characterize  the  effect 
of  temperature  on  the  change  in  yield  limit  of  German  steel  No  10 
(FRG)  which  is  similar. in  chemical  composition  to  steel  20Kh3MFV 
(EI579) . 


TABLE  III-21.  MECHANICAL  PROPERTIES  OF  CONSTRUCTION 
ALLOY  STEEL  (GOST  4543-61) 

Coefficients  of ^conversion  intOgSI  system:  mechanical 
s tress --kg- f /mnr  x  9.S0665  x„10o=n/mz;  impact  viscosity 
kg-f  x  m/cnr  x  98066.5  =  J /ur 
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3 
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0‘i 


|T«) 

X 

n 

s 

flat 

si 

a? 

3“ 


3oKh 

SSa 

15KhF 

40KhFA 


3C  KhGS 
38KhYu 


20KhG 


90 

100 

95 

75 

90 

95 

85 

ItO 

95 

100 

90 


70 

80 

80 

55 

75 

75 

70 

85 

75 

85 

75 


12 

10 

12 

13 

10 

12 

12 

10 

10 

14 
10 


45 

45 

50 

50 

50 

50 

45 

45 

45 

50 

40 


r> 

9 

8 

9 

9 

8 

45 

8 

9 


Key: 

1.  Brand  of  steel 

2.  Conditions  of  thermal  treatment 

3 .  Hardening 

4.  Tempering 

5 .  Temperature  ,  °C 

6.  Cooling  medium 

7 .  Mechanical  properties  ~ 

8.  Ultimate  strength,  kg-f /mnr 

9.  Yield  limit,  kg-f /mm: 

10.  Elongation,Z 

11.  Constriction  ,Z  2 

12.  Impact  viscosity,  kg-f  x  m/cin 

13.  Oil 

14.  Water  or  oil 

15.  Warm  water 

16.  The  same 

17.  Air  18.  Water 


Note.  1.  The  standards  of  mechanical  properties  given  in  the 
table  cover  hot-rolled  sectional  steel  used  as  construc¬ 
tion  material. 

2.  The  indicators  of  mechanical  properties  for  brands  of 
steels  not  indicated  in  the  table  are  set  by  special 
specifications. 

3.  The  standards  presented  in  the  table  for  mechanical 
properties  cover  steel  with  profile  dimension  to  80  mm. 

A  reduction  in  the  standards  is  permissible  for  profiles 
larger  than  80  mm. 
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TABLE  III-22.  MECHANICAL  PROPERTIES  OF  HIGH  PRESSURE 
PIPE  METAL  MADE  OF  ALLOY  STEEL1 »/.s 

Coefficients  of 2Conversion  into^SI  system:  mechanical 
s tress- -kg- f /nun  x  9.30665~x  10D=n/m“;  impact  viscosity-- 
kg-f  x  m/cmz  x  98066.5  J /mz 


ft  \ 

(s) 

f* 

Map  tea  CTMB 

□penea 

npeaen 

yunemi,  % 

noaeptsHM 

ywpBM 

npOHKOCT* 

TtKjHeCT* 

opHeaae 

amicom 

KtC/MM • 

me /MM* 

•it 

a 

% 

me- m/cm* 

15KhF 

45 

25 

20 

45 

4-8 

30KhMA 

60 

40 

13 

— 

45 

8 

45, 

25 

18 

19 

45 

6 

42 

26 

18 

19 

45 

7 

im 

65 

80 

45 

50 

18 

u 

12 

6 

(E1579) 

Key: 

1.  Brand  of  steel  2 

2.  Ultimate  strength,  kg-f/mni 

3.  Yield  limit,  kg-f/mm? 

4.  Relative  elongation, % 

5.  Transverse  constriction  ,%  2 

6.  Impact  viscosity,  kg-f  x  m/cmz 

Note:  The  table  indicates  the  minimum  values  of  mechanical 

properties . 


TABLE  III-23.  CONVENTIONAL  YIELD  LIMIT  (0.2%  OF 
RESIDUAL  DEFORMATION)  OF  HIGH  PRESSURE  PIPE  METAL„ 
MADE  OF  ALLOY  STEEL  AT  INCREASED  TEMPERATURES1  • ' 
(in  kg-f/mmz) 


Mapita  onn 

S  l*?*  1 lump,  *c 

_ . _ - _ - _ . _ 

!  20 

200 

200 

Q 

300 

too 

too 

000 

000 

_  15KhM 

'  30 

H 

m 

18 

16 

12MKh 

^•28 

wM 

Kfil 

15 

13 

18Kh3MV (EI578) 

45 

— 

40 

— 

37 

30 

— 

20Kh3MVF (EI579) 

54 

52 

48 

44 

37 

Key: 

1 .  Brand  of  steel 

2.  Temperature  ,8C 

Note:  The  conventional  yield  limit  for  steels  18Kh3MV  and 

^0  Kh3MVF  is  taken  from  the  IG  standards  (GDR)  for  steels 
of  the  same  chemical  composition. 


TABLES  III-24.  CONVENTIONAL  CREEP  LIMIT  QF  HIGH 
PRESSURE  PIPE  METAL  MADE  OF  ALLOY  STEEL1 > ‘  >8  (in 
kg-f  /tnm^ ) 
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— 

Key: 

1.  Brand  of  steel 

2.  Temperature  ,  °C 

Note:  The  creep  limit  for  steel  brands  15KhM  and  12MKh 
is  given  with  creep  rate  10” '  mm/mm  x  h,  and  for 
steel  brands  18Kh3MV  and  20Kh3MVF--with  creep  rate 
ofl0~6  mm/mm  x  h. 
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Figure  III-6.  Effect  of  Temperature  on 
Change  in  Creep  Limit  of  Steel  No. 10 
(FRG)  Which  Has  Passed  Thermal  Treatment 
to  Varying  Hardness 

Key: 

_  hardening  in  air 

-  hardening  in  oil 

1  .kg-f  /mmz 
2 . Temperature  ,  °C 


TABLE  III-25 .  STRENGTH  INDICATORS  UNDER  CONDITIONS 
OF  CREEP  FOR  STEEL  20Kh3MVF  (EI579)  (in  kg-f/mmz) 


(0 

TeMnepATTpa 

■oownimn 

BmpimraaM,  Hamm 
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l  4J  CKOpOCTk  doastwcts 
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44 

104 

8 

7.7 

34 
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1.  Testing  temperature 

2.  Stresses  causing  rupture 

3.  Stresses  causing  creeD  rate 

4.  in  10,000  h 

5.  in  100  ,000  h 

Note.  The  indicators  are  given  for  steel  after  normalization 
at  1000°C  and  tempering  at  700 °C  with  cooling  in  air 
(according  to  data  of  D'yakov,  Giproneftemash). 

Figure  III- 7  shows  the  dependence  of  time  before  rupture  on 
the  stress  for  steel  20Kh3MVF  (according  to  data  of  Giproneftemash) 


"  OJ  Z  J  5  81  Z  3  58/0  Z  3  5  8’CTZ  J  S  8I03  Z  3  5  3’0*  Z  3  5  9 

do  paopuSo  r.  » 

Figure  III-7.  Dependence  of  Time  to  Rupture 
on  Stress  for  Steel  20Kh3MVF  (EI579)  at 
Temperatures  550  (curve  1)  and  600°C  (curve  2) 

Key:  2 

1.  Stress,  oQt  kg-f/mm 

2.  Time  to  rupture,  t ,h 


TABLE  III-26 .  MECHANICAL  PROPERTIES  OF  STEEL  25Kh3NM 
(A- 2  ACCORDING  TO  GIAP  STANDARDS)  FOR  HOT  CONTAINERS 
OF  HIGH  PRESSURE 


(• > 

MexaHR<ucKua  caolcraa 


cm  in  parr  pa  ctsumm.  °C 


20 

300 

350 

400 

65-72  (65) 
50-  57  (50) 
15—20  (15) 
50-63  (32) 
10-15  (5) 

60—63 
46—50  (35) 
12-18 
55—60 
15-16 

59-61 

47-48 

11-12 

55—60 

14-15 

58—60 

46-48 

10-12 

53—58 

13-15 

50—58 

44—40 
12-13 
50—  ~>£ 
11- ti 


Mechanical  properties 
Wall  temperature ,°C 
Ultimate  strength,  kz-f/mm^ 
Yield  limit,  kg-f/mnr 
Elongation ,% 


Constriction ,Z 
Impact  viscosity 
kg-f  x  m/cra^ 


[»’ 


Note:  In  parentheses  are  the  minimum  values  for  the  mechanical  pro¬ 
perties  of  the  metal  in  large  forgings  that  are  governed  by  the  appro¬ 
priate  specifications  (T U)‘ 


TABLE  III-27.  MECHANICAL  PROPERTIES  OF  SHEET  STEEL  OF  BRAND'  0.9G2DT 
(10G2T)  and  30KhGSA  IN  SHIPMENT 


Indicators 

0 . 9G2DT (M)  or  10G2T  (M) 

30KhGSA 

Sheet  thickness, 
mm 

4-10 

12-18 

20-24 

26-30 

32-48 

59-8q 

82-160 

2-4 

Over  4 

Ultimate  strength 
kg-f/mm  ,  no  less 
Yield  limit , 
kg-f/mm  , no  less 
Relative  elonga¬ 
tion  ,7.  ,no  less 
GOST  or  TU 

50 

35 

18 

C 

48 

33 

IS 

hMTU 

48 

32 

18  ! 
TsNII 

47 

31 

18 

ChM  1 

46 

3° 

18 

57-59 

45 

28 

18 

44 

24 

18 

55-75 

18 

GOST 

50-75 

15 

2672-52 

Notes:  1.7  The  impact  viscosity  of  steel  0.9G2DT  (10G2T)  in  kg-fx  m/ 

cmz  at  20°C  is  no  less  than  6.  At  minus  40°C  it  is  no  less 
than  3.5.  At  minus  70°C  it  is  no  less  than  3. 

2.  Samples  of  steel  30KhGSA  which  have  been  thermally 
treated  (hardening  at  870-890°C  with  cooling  in  oil  and 
tempering  at  510-570°C  with  cooling  in  oil)must  have  the 
following  mechanical  properties: 

9 

Ultimate  strength,  kg-f/mm  110 

Relative  elongation,  o5,%  2  10 

Impact  viscosity,  kg-f°x  m/car  5 


TABLE  III-28.  MECHANICAL  PROPERTIES  OF  STEELS  USED  TO 
MAKE  DOWELS,  BOLTS,  NUTS  WORKING  AT  HIGH  TEMPERATURES1 >1U 
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Key: 

1.  Brand  of  steel 

2.  Temperature  ,°C  2 

3.  Yield  limit  (0.22  residual  deformation),  kg-f/mm^ 

4.  Creep  limit  (kg-f  fnnr)  with  creep  rate  0.8  x  10' 
mm /mm  x  h 

Note:  The  yield  limit  of  steel  brand  38KhA  and  40Kh  is  from  the 
laboratory  No  7  of  GIAP;.  steel  49KhE  is"  from  standards  of  IG  (GDR) 
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for  steels  of  similar  composition. 


TABLE  III-29 .  MECHANICAL  PROPERTIES  OF  PARTS  OF  HIGH 
PRESSURE  PIPES  MADE  OF  ALLOY  STEELS  (ACCORDING  TO  TU 
OF  THE  IRKUTSK  BRANCH  OF  GIPRONEFTEMASH) 
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Key: 

1 .  Parts 

2.  Brand  of  steel  « 

3.  Ultimate  strength,  kg-f/mnr 

4.  Yield  limit,  kg-f /ran 

5.  Relative  elongation,  %  0 

6.  Impact  viscosity,  kg-f  x  m/cm'" 

7.  HB  hardness 

8.  No  less 

9.  Molded  flanges,  blind  and  connecting 

10.  Threaded  flanges 

11.  Dowels  and  nuts 


2 

High  pressure  pipes  (for  Ppag-  =320  and  700  kg-f /cm  )  are  made 
and  supplied  according  to  ChMTU  UkrNITI  518-63  (specifications 
for  steel  seamless  pipes  for  high  pressure  units  of  chemical  and 
petrochemical  industries: 
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1.  Conventinal  passage,  mm  2 

2.  Nominal  working  pressure,  kg-f/cin 


The  permissible  deviations  for  pipe  dimensions  must  not  exceed 
those  indicated  below: 


For  cold-drawn  and  co 
pipes 

For  hot-rolled  pipes 


Outer  diameter .  mm 


all  thickness  .mm 


over 
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to  5 
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over  5 

±0 . 3mm  I  ±0 . 4mmi  ±0 . 8mm 
±1%  (for  all  dime 

sions) 


«  opt**  utKvmmMu* ,  * 


Figure  III-8.  Relaxation  Curves  for  Steels  Brand 
30KhMA  and  25KhlMFA  Which  Have  Passed  Normalization 
at  1000°C  and  Tempering  at  650°C 


Key: 


For  steel  30KhMA  with  testing  temperature 
of  450°C 

For  steel  25KhlMFA  at  testing  temperature 
500°C  (a  — initial  stress) 
kg-f  /mm*" 
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Figure  III-9.  Effect  of  Tempering  Temperature  on 
Mechanical  Properties  of  Alloyed  Steels  of  Different 
Brands 


a.  40Kh  and  38KhA 

b .  30KhMA 

c .  25KhlMFA 

d.  30KhGS  (duration  of  tempering  50  min.  ,  cooling 
in  water ) 

aT.  Respectively  ultimate  strength,  limit  of  propor 
tionali tv  and  yield  limit-  kg-f/mmz 
HB.  Brinell  hardness,  kg-f/mnr 
5  .  Relative  elongation  ,7. 

<|i.  Transverse  constriction ,% 


a,  .  Impact  viscosity 
i .  kg'-  f  /mm2 


2.  Tempering  temperature  ,  °C 

3.  kg-f  x  m/cm2 


High-Allov  (Scale-Resistant  and 


Steels 


The  temperature  for  the  beginning  of  intensive  oxidation  in  air 
of  carbon  steel  approximately  equals  530°C,  and  of  low-alloy  steels 
(for  example,  steel  30KhMA)  about  5fiO°C.  The  strength  indicators 
of  the  carbon  and  low-alloy  steels  in  the  temperature  interval  of 
500-600°C  drastically  drop  even  in  the  most  thermally- stable  low- 
alloy  steels  (fig.  III-6 ,  III-7) .  At  high  temperatures,  therefore, 
special  high-alloy  scale-resistant  and  high- temperature  steels  are 
used. 


Scale-resistant  steels  are  resistant  to  chemical  destruction  of 
the  surface  in  gas  media  at  600 °C  and  higher  in  an  unloaded  or 
slightly  loaded  condition. 


High- temperature  steels  maintain  sufficient  scale-resistance 
and  mechanical,  strength  at  high  temperatures. 


TABLE  III- 30.  CHEMICAL  COMPOSITION  0%)  OF  CERTAIN 
SCALE-RESISTANT  STEELS  (GOST  5632-61 Y 


c> 

Mapiu 

crana 

c 

St 

Hn 

Cr 

Tl 

At 

Nl 

S 

P 

h«  (k»ee 

Kh5 

0.15 

0.30-060 

050 

4.50—600 

050 

0025 

0.035 

KhSSYu 

0.15 

1.20 — 1-80 

0.50 

500—7.00 

sS0.20 

0.70-1.10 

030 

0025 

0035 

lKh±3 

0.09—015 

0.60 

0.60 

120—140 

— 

— 

0,60 

0025 

0035 

Khl7T 

0.10 

o.ao 

0.70 

16,0-180 

5C+0.60 

— 

060 

0.025 

0,035 

KhL8SYu 

0.15 

100—1.50 

050 

17.0—20.0 

— 

0.70—1.20 

050 

0.025 

0035 

Kh25I 

015 

100 

080 

240—27.0 

5C+0.80 

— 

0G0 

0.025 

. 

0.035 

Key: 

1 .  Brand  of  Steel 

2.  no  more  than 


TABLE  III- 31.  PHYSICAL  PROPERTIES  OF  CERTAIN  SCALE- 
RESISTANT  STEELS 


0) 

Mapna 

eT&na 

iijiot- 

riOCTh 

e/c M* 

^  T«iuwp*i7pa,  *C 

20-100 

20-400 

20-600 

20-800 

too 

400 

600 

800 

CpasBa^auwitn  imMmunii 
nnatnoro  pacnnpanu 

«•  U',  ipaO~‘ 

(S5 

KoitinniiT  iron  on  po- 
■onnocra 

X  mu/(*.«.<oa() 

lKhl3 

7-74 

104 

114 

12.25 

23-76 

2376 

22.7 

Khl7T 

7.70 

10.4 

1  u 

11.60 

12.1 

— 

— 

— 

— 

Kh25T 

7.65 

100 

11.20 

117 

" 

20.00 

222 

24.0 

Key: 

1.  Brand  of  steel 

2.  Density,  g/cm^ 

3.  Temperature  ,°C 

4.  Average  values  of  coefficient  of  linear  expansion, 
axl06,deg-l 

5.  Coefficient  of  heat  conductivity  x  kcal/(m  x  h  x  deg) 
Note:  For  steels  Khl7T  and  Kh25T ,  data  are  presented 
which  correspond  to  steels  Khl7  and  Kh25. 


Below  are  the  values  for  the  elasticity  modulus  E  for  certain 
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chrome  steels  at  20 °C: 


Steel 


Khl7T 

Kh25T 


21  ,000 
21 ,000 
20  ,000 


»  »  J5§fe 
8  „ 


o  zoo  tot  'tot  nat 

\C)Ttnntpamypa  ,V 

Figure  III-10.  Dependence  of 
Coefficient  of  Linear  Expansion 
of  Chrome  Steels  on  Temperature 


Key: 


1 .  Temperature 


'  500  VO  300  'WO  >300 

Tt-nrpamypa  uC»t//Tu2*uil , 

Figure  III-ll.  Losses  of  Mass 
of  Certain  Chrome  Steels  Depending 
on  Temperature  of  Oxidation  in  Air 
with  Testing  Duration  200  h. 


Key: 


Losses  of  mass,  g/(m  x  h) 

Carbon  steel 

Testing  temperature , °C 


TABLE  III- 32.  CONDITIONS  OF  USING  SCALE-RESISTANT  STEELS 


Brand  of 


Ultimate  Purpose  of 

working  temp,  steel 
of  medium,  °C| 


Resistance  in  gas  media,  con¬ 
taining 


N2  with  carboni- 
small  zing  corn- 
quantity  ponents 


600-650 


Kh6S10 

lKhl3 

Khl7T 

KhlSSlO 

Kh25T 


1050 

1050 


Iipes  of  appara-  Aver¬ 
ts  age 

ipes  ,  parts  of  High 
oiler  units 
ipes  ,  parts  of  High 
oilers 

ipes  of  heat-  Aver- 
exchangers  age 

Pipes  of  pyro-  High 
lysis  units 

Ihe  same  Aver¬ 

age 


Aver:-  Low 
age 

Aver-  Low 
age 


Aver-  Loxj 
age 

-  Low 


Average 

Average 


Average 

Average 


Note:  At  temperature  to  500°C,  steel  of  brand  lKhl3  is  scale- 
resistant  and  heat-resistant. 
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TABLE  III- 33.  MECHANICAL  PROPERTIES  OF  SCALE -RESISTANT 
STEELS  (GOST-3949-61) 


^ycnoian  npMiaecKo*  ocpaflotim 

m ^ 

S 

■ 

8 

P 

§ 

2 

Uv>) 

4 

£ 

H 

(**s 

(0 

Mapm 

(<<) 

omycit  ^  9 

i 

a 

In 

T 

>• 

X 

P 

Is 

O 

8 

8 

k 

§! 

i. 

cTaa* 

(5) 

Ttuneporypa 

(V) 

oxnamflA- 

TtMnepa- 

(VT 

OUDROI- 

\ 

ii 

&a 

Is 

ai 

|J 

•c 

toman 

cpeai 

rypa  *C 

cpca* 

- 

Hi 

Khi 

860 

Boaffyi*4^ 

__ 

40 

17 

24 

50 

10 

4.6 

Kh6SYu 

750-800 

Boanyx  nn 
MawioV” 

— 

BoajjyiP 

Rjza 

Macjio 

45 

25 

20 

40 

12 

4.2 

lKhl3 

1000—1050 

(MicaviM} 

To 

Boa«yx^ 

700-790 

60 

42 

20 

60 

9 

4.8 

I<hl7T 

760—780 

— 

— 

50 

— 

18 

— 

— 

— 

KhlSSYu 

800-850 

Boanyx  nn»v 
son*  04 

— 

— 

50 

30 

20 

50 

48 

Kh25T 

750 

Botfly  x^,4 

“ 

~ 

45 

30 

20 

45 

— 

54) 

Key: 

1.  Brand  of  sCeel 

2.  Conditions  of  thermal  treatment 

3.  Annealing 

4 .  Tempering 

5 .  Temperature  ,  °C 

6.  Cooling  medium  2 

7.  Ultimate  strength,  kg-f/mm^ 

8.  Yield  limit,  kg-f /mm2 

9.  Relative  elongation, % 

10.  Transverse  constriction,  1  „ 

11.  Impact  viscosity,  kg-f  x  m/cmz 

12.  Brine 11  hardness  HB  ,  no  more 

13.  No  less 

14.  Air 

15.  Air  or  oil 

16.  The  same 

17.  Air  or  water  18.  Hardening 


TABLE  III- 34.  CREEP  LIMIT  OF  CERTAIN  S GALE-RESISTANT 
STEELSl  ,11  (in  kg-f /mm2) 


(«) 

(a) 

(U 

rwnaaarypa.  *t 

• 

« 

CTM* 

Caopocrt  nojray  went 

SftO 

too 

•SO 

700 

too 

871 

too 

1000 

lKhl3 

Khl7T 

Kh25T 

1%  M  10000  « 

1*4  M  100000  « 

IS  M  10000  a 

IS  u  10000  a 

as  *•  toooo  a 

7.6 

8.1 

3.2 

3.0 

2a 

ia 

1.2 

1.0 

oao 

0.80 

6.90 

1  1  1  1  1 

0.17 

oao 

—  1 

04)08 

04M2 
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1.  Brand  of  steel 

2.  Creep  rate 

3.  Temperature  ,°C 


TABLE  III- 35.  COMPOSITION  (IN  %)  OF  CERTAIN  SCALE- 
RESISTANT  AND  HIGH- TEMPERATURE  STEELS  (GOST  5632-61) 


JHnpra  x 

Si 

Ma 

Cr 

. 

Tl 

Mo 

s 

crajia 

c 

ISC. 

1|5In9t 

0,50 

1.50-2.00 

0.7 

5.0— 0.0 

045—0.60 

0.030 

0.035 

0.12 

0.08 

1.0-20 

17,0—19.0 

9  0— 110 

(C- 
0.02)  5 

■ 

Kffl^GT 

0,20 

1.00 

2.0 

22.0—25.0 

18.0-20.0 

— 

■ 

0-020 

0.035 

0.12 

0.80 

2.0 

16.0— 19.0 

11.0-14.0 

0.30—0,00 

200—3.00 

0.035 

KM2 

(EI711) 

O.20 

1.20—2.00 

0.2— 0.7 

24  0—27.0 

180-21.0 

0.10 

0.80 

13.0—15.0 

13.0 — 154) 

25-35 

(C- 
0.02)  5 

| 

Key: 

1 .  Brand  of  steel 

2.  No  more  than 


.Figure  III-12.  Dependence  of  Coefficient 
of  Linear  Expansion  of  Certain  Austenite 
Steels  on  Temoerature 


Figure  III- 13.  Change  in 
Mass  of  Certain  Austenite 
Steels  Depending  on  Tem¬ 
perature  of  Oxidation  in 
Air  with  Duration  of  Testing 
200  h 


Key : 


1. 

2. 

3. 


Testing  temperature  ,°C 
Loss  of  mass  ,  g/(nr  x  h) 
10  g/(m^  x  h)  at  1200°C 


1 .  Temperature ,  °C 


*  j 


§ 

t; 


[■■■■ 

IBI 

mm\ 

K 

MB 

iSHBi 

\*)Ter>nepomypo  ucnvmamj* ,  °C 


TABLE  1 II  j 36,  PHYSICAL  PROPERTIES  OF  CERTAIN  HEAT-RESISTANT  AND  SCALE-RESISTANT 
STEELS5  -  u  -12 

Coefficient  of  conversion  Into  SI  system:  heat  conductivity- -kcal /(o  x  h  x  deg)  x 
1 . 163  -  U/(m  x  deg) 


1“ 


KhI4ClAN3r 

(EI711) 


Tcwitparyf*.  *C 
|  1-M  |  l-IMl 
M  ••Id*.  iH*1 


2l>—  SUUt) 
70li*O 


low  I  zuu  |  jgu  I  4U»  |  >•»  |  WI  | 

Kw^VNUMlir  MtUMNl|>WWaiMCIH  HNhl.'J 


- 

_ 

2S-0 

_ 

2i*i  : 

_ 

IS4 

20.2 

23C  , 

_ 

— 

iiu 

204 

2S2 

u; 

llhtll 

114 

til 

2HJ 

23*  { 

1 

J£»  5 

tttSi 

- 

I7J 

HU 

2oC 

Brand  of  steel 

Temperature  *C  6  , 

Average  coefficient  of  linear  expansion  a  x  10  ,  deg* 
Coefficient  of  heat  conductivity  X ,kcal/(m  x  h  x  deg) 
At 


.JL.-fit'f- 


TABLE  III- 37.  PURPOSE  AND  CONDITIONS  OF  OPERATION  OF  CERTAIN 
b I GH- TEMPERATURE  AND  SCALE -RESISTANT  STEELS 


Brand  of  Purpose 


l.Kh!8N9T 


Kh23N18 


Kh25N20S 


Khl8N12- 

M2T 

Khl4Gl4- 

N3T 

Note:  1, 


ltimate 

orking 

emoerature 

°C 

Operating 

life 

Temperature 
for  begin¬ 
ning  of  in¬ 
tensive  oxi 
dation  in 

air.  °C 

660 

Long 

700 

600 

Very  long 

800-850 

1000 

Long 

1050 

1000-1100 

The  same 

1150-1200 

700 

.  H 

, 

800-850 

600 

ft 

800-850 

Pipes  ,  parts  of  pumps  ,  bolt 
plungers 

Pipes  .adapters  of  ammonia 
and  methanol  synthesis  co¬ 
lumns  ,  heat  exchangers  , 
parts  of  furnace  fittings  , 
muffles  ,  sleeves  and  col¬ 
lectors  of  exhaust  systems 
Parts  of  units  in  chemical 
and  oil  sectors  of  indus¬ 
try,  gas  pipelines,  pipes 
of  pyrolysis  furnaces 
Suspensions  and  supports 
of  boilers ,  pipes  of  fur¬ 
naces  of  pyrolysis  and  con¬ 
version 

Parts  of  units  in  chemical 
industry,  pines  of  pyro- 
lj'sis  furnaces 
Substitute  of  steel 
lKhl8N9T  under  conditions 
indicated  for  this  steel  -j- 

In  low  pressure  units,  steels  Khl8N9jK,  Khl8N12M2T  and 
Khl4G14N3T  can  be  used  at  higher  temperatures  than  indi¬ 
cated  in  the  table.  In  this  case,  one  should  take  into 
consideration  the  temperature  for  the  beginning  of  oxid- 
dation  indicated  in  the  table. 

In  the  temperature  interval  6QQ-800°C,  steels  Kh23N18  and 
Kh25N20S2  are  prone  to  embrittlement  (formation  of  a-phase) 


TABLE  III -38.  MECHANICAL  PROPERTIES  OF  STEEL  DEFINED  ON  THERMALLY- 
TREATED  SAMPLES  (GOST  5949-61) 

Coefficient  of  conyersion-into  SI  system:  mechanical  stress--kg-f / 
mm2  x  9.80665  x  10°  ■  n/m^ 


elative  Relative 
loneation  cons trie 


TABLE  III- 39.  YIELD  LIMIT  AND  MODULUS  OF  NORMAL 
ELASTICITY  OF  STEELS  AT  HIGH  TEMPERATURES1  »X1 
(in  kg-f/mm2) 


(53  Temieparypa,  *C 


k.  ' 

Md|)Kd 

600 

|  600 

700 

|  8U0 

|  900 

|  1009 

|  20 

|  100 

|  300 

|  600 

j  700 

cra-in 

tlpeao  TfKyseor* 

(O 

Monyttb  itopLajibHoft  yupyrocTi 
£•  10* 

Kh6SM 

20.0 

13.0 

7.0 

34) 

_ 

_ 

_ 

_ 

lKh!8N9T 

14.0 

13.0 

12.0 

84) 

5.0 

3.5 

2.05 

400  °C) 

1.62 

!&> 
600  °C 

Kh23N18 

21.5 

20.5 

20.3 

16  6 

— 

— 

2.04 

— 

1.84 

1.73 

1.53 

Kh25N20S2 

16.0 

160 

15.0 

12.0 

7.0 

54) 

-  , 

: 

-  ■ 

— 

Khl4G14N3T 

*  11.0 

90 

8.0 

— 

'  -  1 

— 

2.31 

2.0731 

1.88 

165  | 

1.47 

Khl8N12M2T 

SSfi. 

550  JC) 

!  12.5 

124)  r, 
(ap*(?l 
650  *C) 

)  ~ 

1 

Key: 

1.  Brand  of  steel 

2.  Temperature  ,°C 

3.  Yield  limit  ^ 

4.  Modulus  of  normal  elasticity,  E  x  10 

5 .  At 

Note:  For  steel  Kh23N18  ,  the  yield  limit  is  given  after  aging  at 

800°C  for  4  h. 


TABLE  III-40 .  CREEP  LIMIT  on  OF  HIGH-TEMPERATURE  AND 
SCALE-RESISTANT  STEELS  (in  kg-f/mm/) 

Coefficient  of  conversion  into, SI  system:  mechanical 
stress  kg-f/tnm2  x  9.80665  x  10°  =  n/ra2 


(0 

Mapna  crana 

1 

Cxopoo^1 
:  nojiayaacr* 

M  10  000  <i 
% 

(J)  TanrapaTjpa,  *C 

«00 

900 

700 

750 

900 

875 

1000 

1100 

XhoSM 

1 

3.5 

2.2 

1.2 

0.70 

0.20 

_ 

_ 

lKhl8N9T 

1 

104) 

— 

1.5 

0.60 

— 

— 

—  1 

- » 

2 

10.5 

— 

1.9 

0.75 

— 

— 

—  1 

— 

Kh23N18 

1 

2 

— 

4.5 

54) 

— • 

1.30 

1.60 

0.7 

04) 

0.14 

0.17 

mmrn 

Kh25N20S2 

1 

2 

— 

— 

— 

— 

— 

0.6 

0.6 

ai3 

0.02 

04)3 

Xhl8N12M2T 

1 

7*0 

M  1 

__ 

Khl4GI4N3T 

i 

104) 

34)  . 

— 

a.92 

— 

— 

—  ' 

Key: 

1.  Brand  of  steel 

2.  Creep  rate  in  10,000  h,  % 

3.  Temperature , °C 

Note:  For  the  presented  brands  of  steel  (except  Kh6SN)  ,  it  is  recom¬ 
mended  that  the  coefficient  of  reduction  in  working  stress 
0.7  be  used. 

2.  The  creep  limits  for  steel  Khl8Nl2M2T  are  given  with 
creep  rate  of  1Z  in  100,000  h. 
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TABLE  III- 41.  CHEMICAL  COMPOSITION  (IN  2)  OF  METAL  OF 
CASTINGS  MADE  OF  HIGH-ALLOY  STEEL  (GOST  2176-57) 


{  !>  | 
MapKa  V 

1  c  i 

i 

i 

j  Mn 

|  Cr 

i 

Mo 

Ti 

S  _  : 

l  p 

crajiu 

|  He  do-  1  •>l 

1 

Ni 

h  ©  '0 

J 

once 

lKhl3L ' 

0.15 

He  (fio- 1 

12- 

-14 

h(?&o- 

— 

_ 

0.03 

0.O15 

Kh25TL 

jiee  0,7 

.iee  0  B  1 

Jiee  0.6 

0.20 

»  1.2 

»0.8 

23- 

-27 

>  0.6 

I 

0.4-08 

0.03 

0.035 

lKhl8N9TL 

0.14 

>  1.0 

1, 0-2.0 

17- 

-20 

8-11 

OTfft) 

5  (C-a:03) 

0.03 

0.035 

KhlSNIMTL 
Kh25N3jS2L  ' 
Kh6S2ML 

0-12 

>  1,0 

U)rr2.0 

1C- 

-19 

11—13 

3—4 

AO  04 

04—0.6 

0.03 

0.035 

0.20 

0.15 

2.0— 3.0 

1. 5-2.0 

HPfco- 
aae  14 

ir  0.7 

23-27 

5-6.5 

18-20 

He^o- 

0.45— 040 

0.03 

0.03 

0.035 

0.035 

I 

Jiee  0.6 

i 

Key: 

1.  Brand  of  steel 

2 .  No  more  than 

3.  From  5  (C--Q.03)  to  0.8 


Figure  III- 14.  Creep  Limit  of  Steels  of  Different  Brands  at  High 
Temperatures  (for  creep  rate  0.5-22) 

Key: 

a.  steels  lKhl8N9T  at  600,  700  and  750°C 

b.  steels  Kh23N18  at  700,  800,  875  and  1000  °C 

c.  steels  Kh25N20S2  at  875,  1000  and  1100°C 

1 .  Time  ,  h  9 

2.  Stress,  kg-f/mnr 


lKhl 3L*  1050 

Kh25TL  Without  t 

lKhl8N9TL  nggtment 
Khl8N12M3- 1150 
TL 

Kh25N19S2l  1100 
Kn6S2ML  780 


"fc 

Tempering  temperature  500-750°C  (depending  on  condition  of  applica¬ 
tion)  . 

TABLE  III-43.  SAMPLE  PURPOSE  OF  CASTINGS  MADE  OF  HIGH-ALLOY  STEELS 


56 

20 

50 

8 

45 

- 

- 

- 

45 

25 

32 

10 

50 

30 

30 

10 

50 

25 

28 

56 

20 

50 

- 

Kh6S2ML 


Scale-resistant  to  750°C,  heat- 
resistant 


and  other  parts  at 
high  temperatures  and 
moderate  loads 
Parts  operating  under  load 
at  temperature  to  750  °C 


It  is  difficult  to  fabricate  rolled  pipes  made  of  steel  25 /2Q, 
therefore  pipes  made  of  this  steel ,  made  by  the  method  of  centrifugal 
casting  have  been  used.  An  increase  in  the  carbon  content  in  the 
metal  of  cast  pipes  to  0. 3-0.5%  promotes  an  increase  in  the  strength 
under  conditions  of  creep.  Figure  III-15  gives  the  curves  of  per¬ 
missible  stresses  for  cast  and  hammered  steel  brand  25/20  as  applied 

_  .  13 

to  pipes.  * 


900  900  10(10  tWO 

t ertncftatnypa C  ^ 


Figure  III-15.  Recommended  Permissible 
Stresses  with  Different  Temperatures  for 
Cast  and  Hammered  (or  Rolled)  Steel  25/20 

Key: 

1.  Steel  25/20,  cast  with  increased 
carbon  content 

2.  Steel  25/20,  hammered  (or  rolled), 

common  2 

3.  Stress,  kg-f/tran 

4.  Temperature  ,°C 


Below  is  an  example  of  foreign  high- temperature  steels  and 
alloys  are  certain  data  on  the  so-called  thermolloys  which  can  be 
used  in  casting  parts  in  American  and  English  industry. 


TABLE  III-44 .  CHEMICAL  COMPOSITION  OF  THERMOLLOYS  (IN  l) 


~w 

Mnpua 

TCpMO.'l.IOH 

— 2T 

OOmnanemiii 

no  ASTM 
(CUIA) 

c 

m 

SI 

P 

s 

Cr 

Ml 

no  6o 

T.30 

1 

HF 

1 

0.2—04 

2 

20 

004 

0.04 

18—23 

8-12 

T.38E 

I  HE 

0.2 — 0.5 

_ 2 

20 

0.04 

004 

28-30 

8-12 

T.40B 

1  HH 

0.2-05 

2 

20 

0.04 

004 

24-28 

11—14 

T.47 

HK 

0-2-05 

2 

3.0 

0.04 

004 

24-28 

18—22 

T.50 

HT 

0.4 — 0.7 

2 

2.5 

004 

004 

13-17 

33-37 

T.58 

HV 

04-0,7 

2 

2.5, 

0.04 

0.04 

17-21 

37—41 

T.72 

HW 

04-0.7 

2 

2.5 

0.04 

004 

10-14 

58-62 

T  .85 

HX 

04-0.7 

2 

25 

0.04 

004 

18-20 

65-69 

Key : 

1.  Brand  of  thermolloy 

2.  Designations  according  to  ASTM  (United  States) 

3.  No  more  than 


442 


Note: 


TABLE  III-45 .  PERMISSIBLE  TEMPERATURES  OF  THE  USE 
OF  THERKOLLOYS  IN  DIFFERENT  MEDIA  (IN  °C) 


a) 

Map  na 
repMOJUtofl 

Pi 

Uoinyx 

[IT 

v  Otmc-iaTenbiian  cpeaa 

—(V - - 

Boomaoiirenbam  epen 

FT 

e  HiuKim' 
conepwasuM  S 

Q  BbfeoKBM 
oonepmaiiMM  s 

W) 

0  n  Baft  ml 
coaepmtHMH  S 

.JJL. 

T.30 

930 

030 

930 

980 

930 

T..18E 

1180 

1180 

1150 

1180 

1120 

T.40B 

1120 

1120 

1090 

1120 

1040 

T.47 

1180 

1180 

1120 

1180 

1040 

T.50 

1070 

1070 

980 

1070 

950 

T.58 

1120 

1120 

1070 

1090 

980 

T.72 

1070 

1070 

930 

1070 

870 

T.85 

1180 

1180 

1040 

1180 

1010 

Key : 

1.  Brand  of  thermolloy 

2.  Air 

3.  Oxidizing  medium 

4.  Reduction  medium 

5.  With  low  S  content 

6.  With  high  S  content 

Note.  1.  With  indicated  permissible  working  temperatures, 
the  amount  of  losses  from  oxidation  does  not 
exceed  1-1.2  mm /year.  2 

2.  The  adopted  low  sulfur  content  is  ~  9  g/m  ,  the 
high  content  is  about  200  g/m3. 


TABLE  III-46 .  CREEP  LIMIT  OF  THERMOLLOYS  WITH  CREEP 
RATE  11  IN  lO.OOO^X  (in  kg-£/mmz) 


Mapii^ 

TepMon- 

JICHI 

P'  TeMnrparrpa.  "C 

i 

Mapnk J 
Tepaioa* 
non 

(A 

14mn»a 

vypa.  1 

7 

871 

|  982 

1093  | 

761 

1  »• 

II! 

|  IMS 

T.30 

4.20 

2.24 

1 

T.50 

5.60 

3.15 

140 

035 

T.38E 

245 

140 

0.70 

—  u 

T.58 

5.95 

340 

144 

042 

T.40B 

2.10 

M9 

0.77 

0-21  I 

T.72 

4.20 

2.10 

OSS 

— 

4.90 

2,80 

1.47 

0.56  I 

T.85 

4.48 

2J4 

1.12 

042 

T.47 

4.78 

!  2  94 

188 

0,70  j 

■ 

Key: 

1.  Brand  of  thermolloy 

2.  Temperature  ,°C 

1.  The  values  for  the  creep  limits  are  given  for  operating 
regimes  with  constant  temperature;  with  cyclically  changing 
temperatures  ,  they  must  be  reduced. 

2.  For  thermolloy  T.40B’^  two  values  are  given  for  the  creep 
limit:  the  first  corresponds  to  partially  ferrite  struc¬ 
ture,  the  second  to  completely  austenite. 


A  casting  made  of  high- temperature  steels  and  alloys  usually 
possesses  higher  heat-resistance  properties  than  rolled  and  forged 
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pieces.  This  is  primarily  explained  by  the  structural  feature  of 
cast  metal  and  the  increased  content  of  carbon.  More  heat-resistant 
parts  are  obtained  with  centrifugal  casting,  therefore,  for  example, 
pipes  for  tube  furnaces  of  pressure  conversion  are  made  of  thermolloy 
T.47  by  centrifugal  casting.  The  advantages  of  cast  metal  in  the 
asea  of  heat-resistance  are  characterized  by  the  curves  in  fig.  III-15. 

Special  (High- chrome  and  High- silicon)  Allovs 

Castings  made  of  high-chrome  steels  have  high  corrosion  resis¬ 
tance  and  heat-resistance  at  a  temperature  to  11OO-//5’0°C .  ^  They  are 
used  in  the  nitrogen  industry  for  casting  housings  of  acid  ouraps  , 
bubbling  pipes,  etc. 


TABLE  III-47 .  COMPOSITION  AND  PHYSICAL-MECHANICAL  PROPERTIES  OF 
CASTINGS  MADE  OF  HIGH-CHROME  STEELS  (GOST  2176-67) 


Indicators 

Brand 

Kh28L 

Composition ,% 

C 

0. 5-1.0 

1.5-2. 2 

Si 

0.5-1. 3 

1.3-1. 7 

Mn 

0.5-0. 8 

0.5-0. 8 

Cr 

26-30 

32-36 

S  ,  no  more 

0.08 

0.10 

P  ,  no  more  ~ 

0.10 

0.10 

Density,  g/cnr 

7. 3-7. 4 

7. 3-7.4 

Melting  point ,  °C 

1350-1450 

1350-1450 

Coefficient  of  linear  expansion  in  , 

-6 

£ 

temperature  interval  0-200°C,  deg. 
Modulus  of  elasticity,  kg-f/mm 

(9.4-10)  x  10  ° 

(9.4-10)  x  10  ° 

13,000-22,000 

1  18,000-22,000 

No  less  than 

Brinell  hardness  2 

220-270 

250-320 

Ultimate  strength,  kg-f/mnr 

35 

40 

in  rupture 

in  bending 

55 

60 

in  stretching 

20-22 

at  800°C 

15-18 

at  900°C 

9-12 

12-15 

at  1000°C 

5-7 

10-12 

at  1100°G 

3-4 

6-8 

Deflection  with  distance  between 

supports  600  mm,  mm 

6 

1  5 

The  nitrogen  industry  in  the  shops  of  concentrated  nitric  (and 
sulfuric)  acid  uses  different  parts  made  of  high-silicon  pig  iron 


(ferrosilide) :  pipes,  molded  parts,  valves,  column  parts.  Parts 
made  of  ferrosilide  are  also  used  in  the  sulfuric  acid  production. 


TABLE  III-48.  COMPOSITION  AND  PHYSICAL-MECHANICAL  PROPERTIES  OF 
CASTINGS  MADE  OF  HIGH-SILICON  ALLOYS  (FERROSILIDES)  (GOST  2233-43) 


Indicators 

Composition ,% 

C 

Si 

Mn 

P  ,  no  more 
S ,  no  more 
Physical  properties 
density,  g/cur 
melting  point ,  °C 
average  coefficient  of  linear 
expansion  in  temperature  interval 
0-200°C ,  deg-1 

coefficient  of  heat  conductivity  X  , 
cal /(cm  x  s  x  deg) 
electrical  resistance ,  p  Ohm  x 
mm2  /m 

Mechanical  properties 

ultimate  strength  in  bending,  kg-f/mm 
deflection  with  distance  between 
supports  600  mm,  mm  2 

Brinell  hardness  HB ,  kg-f/mnr 


I  Brand  of  alloy 

SL5 

ST7 

0.5-0. 8 
14.5-16.0 

0. 3-0.3 

0.10 

0.07 

0.3-0. 5 
16.0-18.0 
0. 3-0.8 
0.10 

0.07 

6.9 

1200 

6.9 

1200 

4.7  x  10~5 

4.7  x  10"6 

0.125 

0.125 

0.63 

0.63 

17 

14 

2 

300-400 

1.5 

400-600 

Since  the  mechanical  properties  of  the  castings  deteriorate  with 
an  increase  in  the  silicon  content,  pig  iron  of.  brand  S17  is  only 
used  in  those  cases  where  a  casting  of  increased  chemical  stability 
is  required. 


Solid  Alloys 

In  certain  cases  ,  when  making  throttle  devices  for  operation  in 
media  that  cause  considerable  erosion ,  valves  ,  valve  seatings  , 
diaphragms  and  other  parts  made  of  the  solid  alloys  indicated  below 
are  used. 


The  composition  and  properties  of  the  solid  alloys  (according  to 
GOST  4372-65): 


Brand  of  alloy 
Composition  ,Z 


VK3 


VK6 


VK8 


Density  ,  g/cnr 
Rockwell  hardness  R. 

Ultimate  strength  in  bending, 
kg-f/mnr 


97 

94 

3 

6 

14.9 

14.6 

89.0 

88.5 

100 

130 

92 

8 

14.4 

88.0 


Consultation  on  designing  parts  made  of  solid  alloys  can  be 
obtained  from  the  design  office  of  the  Moscow  Plant  of  Solid  Alloys 

Nonf errous  Metals  and  Their  Alloys 


TABLE  III-49 .  COMPOSITION  AND  PROPERTIES  OF  COPPER 
OF  DIFFERENT  BRANDS  (GOST  859-66) 


nOKUrtTCJIlf 


l&CTM,  H  w 
Cu,  aa  ueaeev.'  .  . 

(5)npnnecH,  ae  ooaee 
■  tom  aacae 

(  Bi . 

Sb . 

As . 

Fa . 

Ni . 

Pb . 

Sn . 

Zn  . 

S  . 

h)  o  .... 

v4maa<iecKBB  caoicrna 


amneianro  pacmpamu  npa 
of  20 »C,  o.lO*  . 

renaonpoaopBocTk,  mu/(cj«  •  cr%  ■  tpad)  .... 
Nojqm  aopuMMO*  ynpyrocra,  ik/jm*  .  .  . 


M0 

Ml 

M2 

M3 

Mi 

9905 

99.90 

99.70 

99.50 

99.00 

005 

0-10 

0.30 

0.50 

1.00 

0002 

0002 

0002 

0003 

0.005 

0.002 

0002 

0005 

0050 

0.200 

0002 

0.002 

0010 

0050 

0.200 

0005 

0.005 

0050 

0.050 

0.100 

0002 

0.002 

0.200 

0.200 

— 

0.005 

0,005 

0010 

0.050 

0.300 

0.002 

0.002 

0,050 

0050 

— 

0,005 

0005 

— 

— 

— 

0.005 

0005 

0010 

0.010 

0.020 

0020 

0*080 

0.100 

0.100 

0.150 

80 

8.9 

— 

8.89 

8359 

17.7 

177 

_ 

17.4 

174 

0.96 

0.95 

— 

0,43 

— 

11200 

11200 

11200 

11200 

Indicators 

Brand  of  copper 

Composition 

Cu,  no  less 

Admixtures  ,  no  more 

Including 

Physical  properties 
Density,  g/cmJ 

Coefficient  of  linear  expansion  at  20  °C 
Heat  conductivity,  cal /(cm  x  s  x  deg)« 
Modulus  of  normal  elasticity,  kg-f/mnr 


a  x  10 
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TABLE  II I -50.  MECHANICAL, PROPERTIES  OF  COPPER 

AT  DIFFERENT  TEMPERATURES14 


r 


MnunwiiM  OOftCTM  ^ 

(3)  T*i*n«p«TTpi,  *C 

—253 

-!9»| 

17 

100  | 

200  | 

300  j 

300 

,  ^npeflbJi  npoiuocn,  mc/mm *  .  .  . 

46 

:-.8 

24 

22 

18 

15 

8.4 

W'OTHOCHTeibHOe  vajuuwbm,  K  -  • 

48 

41 

— 

48 

48 

32  j 

18 

vO 

O'- 

• 

? 

o 

1 

§ 

o 

74 

72 

— 

— 

— 

— 

^ygapux  Muoen,  kic-m/cm*  .  . 

—• 

— 

5 

4* 

4.8 

44 

Key: 

1.  Mechanical  properties 

2.  Temperature  ,°C  2 

3.  Ultimate  strength,  kg-f/mrrr 

4.  Relative  elongation  ,Z 

5.  Relative  constriction ,%  2 

6.  Impact  viscosity,  kg-f  x  m/cin 


Below  are  the  mechanical  properties  of  sheet  copper  (GOST  495- 
50)  and  copper  pipes  (GOST  617-64): 


Grades 

aB  2 

kg-f /mmZ 

%10 

Grades 

k|-f /mm2 

610 

7. 

no  less 

no  1 

,ess 

Sheets. 

cold-rolled  soft 

20 

30 

Pipes 

drawn ,  soft 

21 

35 

the  same ,  hard 

30 

3 

pressed 

19 

35 

hot-rolled 

20 

30 

The  strength  properties  of  copper  depend  on  the  degree  of  its 
deformation  (fig.  III-16). 

Solid ,  cold-hardened  copper  as  a  result  of  deformation  can  be 
made  into  a  soft  state  by  annealing  at  a  temperature  of  500-700°C. 

Copper  of  brands  MO  and  Ml  are  used  to  fabricate  current  con¬ 
ductors  ,  alloys  of  high  purity  and  high-quality  special  bronzes.  The 
rolled  products  ,  sheets  and  pipes  ,  are  usually  made  of  copper 
brands  M2  and  M3. 

According  to  the  norms  of  the  State  Mining  Inspection,  the  use 
of  sheets  and  pipes  made  of  copper  of  brands  M2  and  M3  to  make 
containers  operating  under  pressure  is  only  permitted  in  limits  of 
temperatures  from  -196  to  +250°C.  One  should  take  into  consideration 
that  at  high  temperatures  in  a  gas  medium,  the  reduction  gases 


10  20  30  uo  50  SO  TO 
Cmenm*  dttpeprvuuu ,  *»  p.) 


NMSIViHI! 

Iiikimsss 

(■■■Jkuiiiii 


WO  300  500  TOO  900 
Tenmpomyp*  ucmimanu» ,  *C 


Figure  III- 16.  Change  in 
Mechanical  Properties  of  MO 
Copper  Depending  on  Degree 
of  Deformation  and  Grain  Size 


Figure  III-17.  Mechanical  Properties 
of  Ml  Copper  at  High  Temperatures 


_  material  with  grain 

0.015  mm 

-  material  with  grain 

0.040  mm 

1.  kg-f/mn/ 

2.  Degree  of  deformation  ,7. 


Relative  elongation 
Relative  constriction 
Testing  temperature 
Ultimate  strength  in  ~ 
stretching,  '  kg-f/mnr 


(such  as  hydrogen,  carbon  monoxide  and  hydrocarbons)  cause  embrittle¬ 
ment  of  the  oxidized  copper.  The  latter  can  occur,  for  example, 
when  copper  is  influenced  by  alternating  reducing  and  oxidizing 
media. 

Aluminum 

Aluminum  has  relatively  low  density,  high  plasticity, 
electrical  conductivity,  heat  conductivity,  cold-resistance  and 
corrosion  resistance  in  a  number  of  media.  The  nitrogen  industry 
uses  it  in  the  fabrication  of  equipment  and  pipelines  in  the  shops 
of  concentrated  nitric  acid,  in  the  deep  cold  units,  as  a  packing 
material  inpacking  flange  compounds  of  high  pressure,  etc. 


Below  are  certain  physical  properties  of  aluminum: 

3 

Density,  g/cm  2.7 


Coefficient  of  linear  expansion ( 

n  .  d*»o>“l 


23.8  x  10' 


Coefficient  of  heat  conductivity* 
x,  cal/(ctn  x  s  x  deg)  2  0.52 

Specific  resistance*  0,  Ohm  x  mm  /m  0.026 

Coefficients  of  conversion  into  SI  system:  cal /(cm  x  s  x  deg)  x 
418.68  =2 W/(m  s  deg) 

Ohm  x  mm  /m  x  10“  **  Ohm  x  m 


TABLE  III-51 .  CHEMICAL  COMPOSITION  OF  ALUMINUM  (IN  Z)  OF 
DIFFERENT  BRANDS  (GOST  11069-64) 


Brand 

- 

TT — 

no 

less 

Admixtures 

.  no 

more 

m 

m 

m 

AV0000 

09996 

0-0015 

0.0015 

— 

0,0010 

0-004  ' 

AV000 

99.99 

0-0030 

0.0025 

0,0050 

0.010 

AV00 

9997 

0.015 

0015 

0,0050 

0,03 

99.93 

0.04 

004 

— 

0-01 

0,07 

A.  V  U 

99.80 

0.12 

010 

0.18 

0.01 

0.20 

A000 

1  99.70 

0.1« 

0.16 

0-26 

0.01 

0.30 

If 

i  99.0 

025 

0.20 

0.30 

001 

040 

A1 

A2 

i  99.5 

O.30 

0.30 

045 

0-015 

050 

A3 

!  99  0 

0.50 

0.50 

090 

0.02 

14) 

|  SM 

It 

1.0 

180 

0.05 

2.0 

Sample  purpose 


For  chemical  apparatus  of 
special  purpose .electrical 
apparatus  ,  electrical  equipment 

Cable  .chemical  apparatus  , 
aluminum  alloys 

Aluminum  alloys  ,  vessels  ,eon^? 
s lamer  goods 


TABLE  III-52.  MECHANICAL  PROPERTIES  OF  SHEET  ALUMINUM  (GOST  7869-56) 


Condition  during  shipping 

Sheet  thickness , 
mm 

Ultimate  strength 
kg-f  /mm7 

Relative 

elongation 

lUsZ  n° 

Annealed  (soft) 

To  0.5 

20 

0.5-0. 9 

Not  more  than  11 

25 

Over  0.9 

28 

Cold-hardened 

To  4 

No  less  than  15 

4 

Over  4 

No  less  than  13 

5 

Hot-rolled 

Over  4 

No  less  than  7 

ill _ 

Figure  III-18.  Dependence  of  Mechanical 
Properties  of  Aluminum  on  Degree  of 
Deformation  and  Temperature  of  Annealing 

Key*. 

1.  Ultimate  strength  in  stretching, 
6g,  kg-f  /nmr 

2.  Relative  elongation,  5  ,1 

3.  Annealing  temperature ,°C 


,*t  • .  »  >»  m 

K  (*)  ?****•*&•  imjxutm  ,’C 


The  mechanical  properties  of  aluminum  are  presented  more  com¬ 
pletely  below: ^ 
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Ultimate  strength,  kg 
Yield  limit,  kg-f/mmz 

-f /mm^ 

8-10 

15-25 

5-8 

12-24 

Relative  elongation,! 

32-40 

4-8 

Relative  constriction 

,  % 

70-90 

50-60 

HB  hardness,  kg-f /min 

2 

15-25 

40-55 

Modulus  of  elasticity 

,  E  ,  kg-f /mm 

6000-7000 

- 

The  mechanical  properties  of  aluminum  at  low  temperatures: 

_ Temperature  ,°C _ 


2 

-185 

( cold-hardened , 
deformation  93!) 

-196  -253 

(bar ,  d=10  mm) 

Ultimate 

strength,  kg-f /mm 

443 

21 

35 

Relative 

elongation ,  % 

26 

42 

45 

Relative 

constriction,  % 

28 

75 

66 

2.  Corrosion-Resistant  Materials 

Stainless  Corrosion-Resistant  Steels 

According  to  GOST  5272-50,  a  10-point  scale  is  stipulated  for 
evaluating  the  corrosion  resistance  of  metals  (table  III-53). 


TABLE  III-53.  SCALE  OF  CORROSION  RESISTANCE  OF  METALS 


Group  of  stability 

Rate  of  corrosion 
mm/vear 

Point 

I.  Completely  stable 

Less  than  0.001 

1 

II.  Very  stable 

Over  0.001  to  0.005 

2 

Over  0.005  to  0.01 

3 

III. Stable 

Over  0.01  to  0.05 

4 

Over  0.05  to  0.1 

5 

IV.  Reduced  stability 

Over  0.1  to  0.5 

6 

Over  0.5  to  1.0 

7 

V.  Low  stability 

Over  1.0  to  5.0 

8 

Over  5.0  to  10.0 

9 

VI.  Unstable 

Over  10.0 

10 

The  chemical  composition  and  mechanical  properties  of  stainless 
(corrosion-resistant  steels)  is  presented  in  tables  III-54. 


Below  is  a  sample  purpose  of  the  brands  of  corrosion-resistant 
steels^'^  indicated  in  table  III-54. 


TABLE  III-54. 


CHEMICAL  COMPOSITION  AND  MECHANICAL  PROPERTIES  OF  STAINLESS 
ACID-RESISTANT  STEELS 


JS 


p)  Csct»«~ 


Uhmiww  ctoorrm 


C  "J  Si 

1 

s  1  * 

Tl 

MO 

i  1 

* 

1 

s 

IKJCT*  1  VOW  ] 
tat /mm*  urt/MM* 

0Khl3 

<EI496) 


(BZh-17) 


(EI439) 

Kh28 


°*hm) 

i*hmh) 

OKh21N6M2T 

(EP54) 


KM«2) 

Kmmi' 

Khl7N13H2T 
(Khl8Nl  2M2T) 
El  448 


008 

060 

0025 

0030 

0.12 

0.60 

0025 

0.035 

006 

080 

0025 

(MBS 

015 

100 

0025 

0-035 

015 

IOO 

0025 

0035 

008 

080 

0025 

0035 

0.09- 

0.14 

080 

(MBS 

0-035 

006 

080 

0025 

0035 

015 

10 

(MBS 

0035 

0.12 

000 

0-020 

0035 

OlO 

080 

0.020 

0035 

012 

000 

0020 

0035 

1 0.10 

000 

0020 

0-035 

c 

(to) 

fill 

h.s£U 

110-130 

160— (SO 

(OO'ISO 

240-270 

27-0—30-0 

<€ 


5C-080 

5C-0J0 


40  I  -  | 

40  I  25  I 

no  COTJIldfoSfLsiB  c 


45 

54 


is  iycT«HiTio-4«ppiTioro  Riacea 
Ho  6omm 


0004) 


20.0—220 

20.0-22.0 

200—22.0 

250-28.0 

) 

1 1 

130 — iS-0|  130—150 
130-1501  130-150 


00041 
m  6ojm 
080  Li 
u6oiff| 
150 


400—5.80 
400 — 5  80 
550-650 
1.00-1.70 


030-060 

(C  -002)5- 
080 

0,20—0.40 


8-0-105! 


lytTf niTHoro  aaacea 
100-15<*|  - 

250-350,  (C  -0.02)  5- 
060 


16.0 — 180 


100— 2-OOj  160-18.0 


350-450 

120-140 


050—060 


•  - 

55 

- 

60 

1-80-250 

$5 

— 

54 

_ 

87-90 

- 

70 

- 

70 

1-80-250 

52 

30 


35 


35 


22 


20 

17 

25 

20 

20 

17 

70 

35 

40 

40 


SO 


45 


40 

40 

40 


55 


Key: 

1.  Brand  of  steel  or  alloy 

2.  Composition  ,Z 

3.  Mechanical  properties 

4.  no  more  2 

5.  Ultimate  strength,  kg-f/mm4 

6.  Yield  limit,  kg-f/nmT 
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Steel  of  brand  0Khl3  (EI496)  is  supplied  in  the  form  of  thin 
(ChMTU  2117-49)  and  thick  (ChMTU  TsNIIChM  225-59)  sheets. 

It  is  recommended  for  the  fabrication  of  items  that  operate  at 
room  temperature  in  air,  in  river  and  tap  water,  moist  steam,  aqueous 
solutions  of  salts  of  organic  acids  ,  as  well  as  for  the  fabrication 
of  household  objects.  In  order  to  increase  the  corrosion  resistance, 
it  is  recommended  that  the  steel  be  exposed  to  hardening  at  950-1000°C 
in  oil  or  in  air,  and  tempering  at  680-720°C. 

Steel  of  brand  Khl7  is  used  in  the  annealed  state.  It  is 
supplied  in  the  form  of  thin  (GOST  5582-50)  and  thick  (GOST  7350-55) 
sheets,  sectional  steel  (GOST  5949-61)  and  pipes  of  small  dimensions 
(GOST  8941-59). 

It  is  used  to  make  equipment  of  nitric  acid  plants  and  enter¬ 
prises  of  the  food  and  meat  and  dairy  industry;  to  fabricate  different 
types  of  items  that  operate  in  media  of  average  agressiveness .  it  , 
is  not  recommended  for  welded  designs:  the  welded  connections  made 
of  steel  Khl7  have  decreased  resistance  to  intercryatallihe  and 
general  corrosion  in  the  zone  of  thermal  influence. 

Steel  of  brand  0Khl7T  is  supplied  in  the  form  of  thin  (MPTU  3210- 
52)  and  thick  (GOST  7350-55)  sheets. 

It  is  recommended  as  a  substitute  for  steel  brand  KhlSNIOT  to 
fabricate  welded  designs  that  are  not  exposed  to  the  effect  of  impact 
loads,  with  operating  temperatures  no  lower  than  -10°C.  It  has  satis* 
factory  weldability.  The  welded  connections  of  this  steel  have 
satisfactory  resistance  to  intercrystalline  and  general  corrosion 
and  do  not  differ  in  these  properties  from  the  base  metal.  The 
welded  connections  have  very  low  impact  viscosity  (less  than  1  kg-f  x 
m/cm  )  ,  therefore  it  is  impossible  to  deform  them  at  room  temperature. 
Steel  0Khl7T  has  good  corrosion  resistance  in  the  following  media: 


Medium 


[Concentration ,% 


Acid 

nitric 

phosphoric 

tartaric 

citric 

carbolic 

acetic 

Alkalis 


Any 

10 

Less  than  20 
Less  than  S5 
5 
5 

Any 

Less  than  50 
Any 


Temperature  ,°C 
higher 

50-60 

50 

Boiling  point 
70 
25 
25 
100 
40-50 
50 


no 


Steel  brand  Kh25T  is  supplied  in  the  form  of  a  thin  sheet , 
thick  (ChMUT  5790-57)  sheet,  and  sectional  steel  and  pipes. 


It  is  recommended  as  a  substitute  for  steel  brand  KhlSNIOT  for 
welded  structures  not  exposed  to  the  effect  of  impact  loads ,  at 
operating  temperatures  not  below  -20°C.  It  is  used  for  working  in 
more  aggressive  media  than  those  for  which  steel  of  brand  0Khl7T  is 
recommended. 


It  is  used  to  fabricate  apparatus  for  solutions  of  sodium  hypo¬ 
chlorite  ,  nitric  or  phosphoric  acids  of  varying  concentration;  pipes 
for  heat-exchange  equipment  that  operates  in  agressive  media.  The 
weldability  of  steel  Kh25T  is  satisfactory.  It  is  recommended  that 
steel  Kh25N13  be  used  as  an  additive  with  coatings  of  KB3M  and  B3B , 
as  well  as  steel  of  austenite-ferrite  class  of  brands  Kh28N4A  or 

Kh25N5B  with  coatings  of  ENTU-3  or  F-l.  The  iraoact  viscosity  of 

2 

steel  Kh25T  in  welded  connections  is  <_  1  kg-f  x  m/cm  . 

Steel  of  brand  Kh28  is  used  for  the  same  purposes  as  steel  Kh25T , 
as  well  as  for  working  in  media  that  contain  acetic  acid.  The 
welded  connections  are  prone  to  intercrystalline  corrosion. 

Steel  of  brand  Kh28AM  is  used  for  the  same  purposes  as  steel 
Kh28.  The  welded  connections  have  higher  impact  viscosity  as  compared 
to  steel  Kh28. 


Steel  of  brand  0Kh21N5T  (EP-53)  is  supplied  in  the  form  of 
thin  (CHMTU  TsNIIChM  136-59)  and  thick  sheets  (4-60  mm  thick 
according  to  ChMTU  TsNIIChM  62-58,  5-11  mm  thick  according  to 


ChMTU  TsNIIChM  474-61)  .sectional  steel  (ChMTU  TsNIIChM  485-61)  , 
wire  (ChMTU  TsNIIChM  493-61)  and  band  (ChMTU  TsNIIChM  494-61). 

It  is  recommended  as  a  substitute  for  steel  brand  KhlSNIOT  to 
make  welded  apparatus  in  the  chemical ,  food  and  other  sectors  of 
industry  at  operating  temperatures  no  higher  than  300 °C  (at  a  tem¬ 
perature  above  350°C,  it  is  prone  to  become  brittle).  It  possesses 
satisfactory  corrosion  resistance  under  conditions  of  producing 
diluted  nitric  acid  and  ammonium  nitrate. 

Steel  0Kh21N5T  is  characterized  by  satisfactory  weldability  and 
increased  resistance  to  intercrystalline  corrosion  and  corrosion 
cracking. 

Steel  brand  lKh21N5T  (EI811)  is  supplied  in  the  form  of  thin 
(ChMTU  TsNIIChM  290-60)  and  thick  (ChMTU  TsNIIChM  62-58)  sheets, 
wire  (ChMTU  TsNIIChM  289-60)  ,  sectional  steel  (ChMTU  TsNIIChM  291- 
60)  ,  pipes  (ChMTU  UkrNITI  142-59)  ,  and  bands  (ChMTU  TsNIIChM  398-60). 

It  is  used  for  the  same  purposes  as  steel  brand  0Kh21N5T 
(according  to  GOST  5632-61).  According  to  the  data  of  GIA?  ,  steel 
of  brand  lKh21N5T  is  more  prone  to  intercrystalline  corrosion  ,  has 
higher  strength  and  can  be  used  in  less  agressive  media  than  steel 
of  brand  0Kh21N5T. 

Steel  of  brand  Khl7N13M2T  and  Khl7N13M3T  is  recommended  for 
manufacturing  parts  and  constructions  that  operate  under  conditions 
of  the- effect  of  formic,  lactic,  acetic  acids;  oxalic  acid  (con¬ 
centration  below  5 %) ;  phosphoric  acid  (to  32%  P2O5)  containing 
fluorine  compounds;  boric  acid  with  admixture  of  sulfuric  (to  1% 
I^SO^)  ,  as  well  as  fluosilic  acid  (concentration  to  10%) . 

Steel  of  brand  0Kh21N6M2T  (EP54)  is  supplied  in  the  form  of  a 
thin  (ChMTU  TsNIIChM  136-59)  and  thick  (4-16  mm,  ChMTU  TsNIIChM 
474-61)  sheet,  sectional  steel  (ChMTU  TsNIIChM  485-61),  wire  (ChMTU 
TsNIIChM  493-61)  ,  and  bands  (ChMTU  TsNIIChM  494-61). 


It  is  recommended  as  a  substitute  for  steel  Khl7N13M2T  for  the 
manufacture  of  parts  and  welded  designs  operating  in  media  of 
increased  aggressiveness:  phosphoric,  formic,  lactic,  acetic  and 
other  acids. 

Steel  brand  0Khl7N16M3T  is  used  for  the  same  purposes  as  steel 
brand  Khl7N13M2T,  and  is  also  recommended  for  the  fabrication  of 
linings  for  carbamide  synthesis  columns.  It  practically  does  not 
contain  a  ferrite  phase.  It  has  higher  resistance  to  general 
corrosion  than  steel  Khl7N13M2T 

Steel  of  brand  Khl8N10T  and  Khl8N9T  are  used  to  make  welded 
apparatus  in  different  sectors  of  industry.  Steel  of  brand  Khl8N9T 
is  supplied  in  the  form  of  sectional  metal  and  hot-rolled  sheets  that 
are  not  made  on  continuous  rolling  mills.  It  is  recommended  for 
operation  in  media  of  average  agressiveness  ,  in  nitric,  organic 
(excluding  acetic,  formic,  lactic,  oxalic)  acids,  the  majority  of 
solutions  of  salts  of  organic  and  inorganice  acids  at  different 
temperatures  and  concentrations. 

It  has  satisfactory  resistance  to  intercrystalline  corrosion. 

Steel  of  brand  0Khl8N10T  has  increased  resistance  to  inter¬ 
crystalline  corrosion.  It  is  recommended  for  the  fabrication  of 
welded  items  that  work  in  highly  agressive  media,  in  wh-ish  steels 
of  brands  KhlSNIOT  and  Khl8N12T  do  not  have  considerable  resistance 
to  intercrystalline  corrosion. 

Steel  of  brand  00Khl8N10  is  used  for  the  same  purposes  as  steel 
0Khl8N10T.  It  has  high  resistance  to  intercrystalline  and  "knife" 
corrosion. 

Steel  of  brand  0KhlSN12T  is  used  for  the  same  purposes  as  steel 
QKhl8N10T.  It  essentially  does  not  contain  an  a-phase. 

Steel  of  brand  Khl8N12T  is  used  for  the  same  purposes  as  steel 
Khl8N10T.  It  contains  a  lower  quantity  of  a-phase  than  steel 


vhl8N10T  ,  and  possesses  higher  resistance  to  intercrystalline 
corrosion. 

Steel  of  brand  0Khl8N12B  is  fairly  resistant  to  intercrystalline 
corrosion  and  is  recommended  for  items  that  operate  in  highly 
agressive  media,  in  which  steel  KhlSNIOT  does  not  possess  sufficiently 
high  resistance  to  intercrystalline  and  "knife"  corrosion.  It  is 
used  as  an  additive  for  welding  chrome-nickel  steel. 

Steel  of  brand  0Kh23N28M2T  has  increased  resistance  to  inter¬ 
crystalline  corrosion.  It  is  used  to  make  welded  designs  and 
assemblies  that  operate  under  conditions  of  the  effect  of  hot  phos¬ 
phoric  acid  with  an  admixture  of  fluorides  ,  as  well  as  sulfuric  acid 
of  low  concentrations  (to  20%)  at  temperatures  lower  than  60 °C. 

Steel  of  brand  0Kh23N28M3D3T  is  used  to  make  apparatus  that 
operates  under  conditions  of  sulfuric  acid  of  any  concentration  at 
a  temperature  below  80°C;  phosphoric  acid  (32-50%  P2°5^  containing 
fluorides;  fluosilic  acid  of  increased  concentrations  (to  25%)  at 
operating  temperature  below  70°C.  It  has  increased  resistance  to 
intercrystalline  corrosion. 

Low-Carbon  Stainless  Steels 

Stainless  steels  of  brands  000Khl8Nll  and  000Khl7N13M3  with 
low  carbon  content  (<^  0.03%  C)  have  become  popular  in  recent  years 
outside  the  Soviet  Union.  These  steels  have  a  purely  austenite 
structure,  are  welded  well  and  are  plastic  in  forming  in  the  cold 
state. 

Welded  connections  of  steels  with  low  content  of  carbon  differ 
are  distinguished  by  a  high  resistance  to  intercrystalline  and  "knife" 
corrosion. 

Steel  brand  000Khl8Nll  has  higher  corrosion  resistance  in 
very  oxidizing  media  as  compared  to  steel  that  is  stabilized  with 
titanium.  Thus,  the  corrosion  stability  of  steel  000Khl8Nll  in 
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boiling  65%  nitric  acid  is  roughly  10- fold  higher  than  of  steel 
Khl8N10T. 

The  Scientific  Research  Institute  of  Chemical  Machine  Con¬ 
struction,  State  Scientific  Research  and  Planning  Institute  of  the 
Nitrogen  Industry  and  Products  of  Organic  Synthesis  ,  Central  Scien¬ 
tific  Research  Institute  of  Ferrous  Metallurgy  and  other  organizations 
are  investigating  the  corrosion  resistance  ,  mechanical  oroperties 
and  weldability  of  steels  with  low  carbon  content.  The  Scientific 
Research  Institute  of  Chemical  Machine  Construction  has  compiled 
temporary  specifications  for  low- carbon  steel  of  brand  00QKhl8Nll 
(ChMTU  1-3-66  V-33). 

Below  are  the  composition  and  properties  of  steel  000Khl3Nll 
according  to  ChMTU  1-3-66  V-33: 


Composition ,% 

r  S  .  .  .0-002 

C  .  .  .0.03  P  .  .  .0X3035 

Si  -  .  .0*4  Cr  .  .  .  t7 — 18 

Mn  .2  Ni  .  .104—12 


Yield  limit,  kg-f/mnT  2 

Ultimate  strength,  kg-f/nnn 
Relative  elongation ,  % 

Rate  of  intercrystalline  corrosion,*  mm/year 


>20 

>52 

"45 

0.5 


Determined  according  to  method  D  with  inducing  annealing  at  650 °C 
for  2  hours  (GOST  6032-58). 

Two-Layer  Corrosion-Resistant  Sheet  Steel 


Two-layer  corrosion- resistant  sheet  steel  consists  of  the 
following  layers:  base,  thicker,  made  of  carbon  steel  or  steel  of 
increased  strength  (low-alloy),  and  plating,  thinner,  made  of  corro¬ 
sion-resistant  steel  or  pure  nickel. 

The  two- layer  sheet  metal  can  be  a  substitute  in  many  cases  for 
one-layer  corrosion-resistant  materials.  In  this  case,  the  saving 
of  alloying  components  averages  about  70%. 
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TABLE  ltl-55, 
Spec  1  f  lent  Inna 


ChMTU  TetttlChK 
3258-52 

ChMTU  TsNIIChH 
211-59 

ChttTU  TiNfrChH 
390- AO 

ChMTU  TsNUCl.M 
344-60 

ChMTU  TsNIIChH 
773-62 


ACTIVE  SPECIFICATIONS  TOR  TW-LATEK  SHEET  STEEL 


Manufacturing  plant 


lector  of  Industry 
'ustomer 


Kuznetsk  Metallur¬ 
gical  Komblnat 


The  sane 

Kosesunarsk  Metal¬ 
lurgical  Plant 

Kuznetsk  Metallur¬ 
gical  Knnhlnat 
Kommunarnl:  Metal¬ 
lurgical  riant 


Oil  refining 


Chemical  and  nil 

refining 

Oil  reflninn 


Shlp-bullcllnp  and 

chemical 

The  same 


Brenda  of  steel 
comprising  liters 
ese lpletl 


St. USE,  • 
2  OK  ,12MKh. 
16CT 

SC.3.10.20K 

16GT 

St.3.l5S.20K 


3S.4S.09G2. 
SKHL4 ,SkhL45 
St.3.09G2. 
lOKhSND 
<SKhL4) 


Total 
thickness 
of  sheet 


OKhl  3 


lKhl8H9T 
KhlC"12M2Tl 
Ol'.h  1  3  , 
lKhlB*l9T , 
Khl8H12M2lt 
lKh28N9T 

OKhl 3, 
Khl4G14H3Ti 
KI.18N9T, 
KhlSttlOT, 
OKhlSNlOTj 
OKhl7N3M2Tl 


8-40 

8-60 

C-50 

5-35 
5-  ?<• 
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Two-layer  steel  combines  the  strength  of  the  base  and  the 
corrosion  resistance  of  the  plating  la^^ers.  In  a  number  of  cases, 
this  creates  conditions  for  designing  equipment  that  is  light-weight 
because  thinner  sheets  are  used. 

The  heat  conductivity  of  the  sheets  that  are  plated  with  corro¬ 
sion-resistant  steel  is  twice  as  high  in  limits  of  20-300°C  than  the 
heat  conductivity  of  monosheets.  This  is  very  important  for  the 
fabrication  of  heat-exchangers. 

Welding  of  equipment  made  of  two-layer  steels  has  been  developed 
by  the  Volgograd  Scientific  Research  Institute  of  Machine  Construction 

Technology  jointly  with  the  Ye.  0.  Paton  Institute  of  Electric  Arc 

20 

Welding . 

Table  III-55  presents  a  list  of  the  active  specifications  for 
two- layer  sheet  steel. 

New  Structural  Metals^-^ 

The  new  structural  corrosion-resistant  metals  that  have 
valuable  physical  and  mechanical  properties  include  titanium,  zir¬ 
conium,  niobium,  tantalum,  as  well  as  their  alloys  with  other  metals. 

Because  of  the  high  strength  indicators  ,  these  metals  are  sub¬ 
ject  to  all  types  of  machining:  stamping,  forging,  rolling,  cutting, 
and  welding.  Becuase  of  intensive  interaction  of  the  heated  metal 
with  gases ,  these-  metals  are  welded  in  a  protective  medium  or  in  a 
vacuum.  Argon-arc  welding  is  usually  used  for  these  metals.  The 
welded  seams  can  be  exposed  to  cold  treatment.  In  chemical  machine 
construction,  these  metals  can  be  used  as  independent  construction 
material  and  as  lining  material. 

Table  III-56  presents  the  physical  and  mechanical  properties 
of  technically  pure  titanium,  zirconium,  niobium  and  tantalum,  while 
tables  III-57-III-60  present  the  corrosion  resistance  of  these 
metals  in  different  agressive  media. 
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TABLE  III-56 .  PHYSICAL-MECHANICAL 
METALS 

Indicators  _ « _ 

Density  at  20° C  ,  g/cmJ  — — 

Melting  point ,  °C 
Heat  conductivity  at  20 °C 
cal /(cm  x  s  x  deg) 

Coefficient  of  linear  expansion 
in^temperature  interval  20-100°C, 
10b  deg'1 

Specific  heat  capacity  in  tem¬ 
perature  interval  0-100°C, 
cal/(g  x  deg)  2 

Modulus  of  elasticity,  kg-f/tmn 
Ultimate  strength  in  stretching 
(annealed) ,  kg-f /mmz  2 

Yield  limit  (annealed),  kg-f /min 
Relative  extension  (annealed)  % 


PROPERTIES  OF  NEW  STRUCTURAL 


Titanium 

Zirconium 

Niobium 

Tantalum 

4.4 

1668±4 

0.036 

6 . 45 

1852±10 

0.042 

8 . 7 

2468±10 

0.125 

16 . 6 

2996 

0.13 

9.0 

6.58 

7.1 

6.58 

0.14 

0.067 

0.064 

0.034 

11  ,200 

9700 

16,000 

19,200 

56 

50.4 

16-25 

30-50 

21-28 

15-30 

29.7 

21 

10 

35-52 

25-40 

Depending  on  the  depth  (rate) of  corrosion,  three  degrees  of 
corrosion  resistance  are  distinguished: 


Degree  of  corrosion  resistance 

Rate  of  corrosion .  mm/year 

A 

Less  than  0.127 

B 

From  0.127  to  1.27 

C 

Over  1.27 

Titanium  is  used  as  a  material  for  making  distillation  unit 
equipment ,  tanks  ,  various  types  of  heat  exchangers  ,  and  equipment 
for  carbamide  production.  The  corrosion  resistance  of  titanium  can 
be  improved  by  alloying  it  with  other  elements.  It  has  been 
established,  for  example,  that  an  alloy  of  titanium  with  0.2%  pal¬ 
ladium  is  more  stable  in  hydrochloric  acid  than  pure  titanium.  An 
alloy  of  titanium  with  30%  molybdenum  has  the  greatest  corrosion 
resistance  in  nonoxidizing  media. 


Niobium  is  used  as  construction  material  in  units  for  the  use 
of  radioactive  wastes ,  and  in  the  manufacture  of  equipement  to 
obtain  hydrochloric  and  nitric  acids,  bromine  and  hydrogen  peroxide. 
It  is  used  as  a  sheet  and  seamless  pipes. 


Tantalum  is  used  in  chemical  machine  construction  as  an  inde¬ 
pendent  construction  material  for  the  fabrication  of  heat-exchange 
equipment  (condensers,  heat -exchangers  ,  rectification  units),  as 
well  as  to  line  the  equipment.  It  is  known  that  tantalum  is  used 
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TABLE  III-57.  CORROSION  RESISTANCE  OF  TITANIUM 


Medium  1 

Concentration 
weight . % 

Temperature , 

°C 

Degree  of: 
corrosion 
resistance 

Acid 

formic ,  aerated 

10,25,50,90 

100 

A 

formic ,  nonaerated 

25,50,90 

Boiling  ooint 

C 

acetic  ,  aerated 

5,25,50,75 

The  same 

A 

acetic,  nonaerated 

99.5 

The  same 

A 

phosphoric 

5,10,20,30, 

35 

A 

35-85 

35 

B 

5 

100 

B 

10 

80 

C 

nitric 

5  ,10  ,30,40  ,50 

100 

A 

40 

200 

B 

• 

65 

175 

A 

70 

270 

B 

Fuming ,  satu- 

20  ,50  ,70 

Hot  recom- 

hydrochloric ,  aerated 

rated  with 
nitric  oxides 

1 

60 

mended  for 
use 

A 

3 

100 

C 

15 

35 

C 

hydrochloric  ,  nonaerated 

3.5 

70 

B 

10 

70 

C 

mixture  of  hydrochloric  and 
nitric  (HC1:HN03=1 : 3) 

Room 

A 

sulfuric  J 

1  ,3,5 

35 

A 

10 

35 

B 

20-50 

35 

C 

60-70 

35 

B 

1,5 

Boiling  Doint 

C 

10 

50 

C 

Alkali 

potassium  hydroxide 

10 

Boiling  point 

A 

sodium  hydroxide 

10 

The  same 

A 

40 

80 

A 

Anhydrous  ammonia 

100 

40 

A 

Ammonia  water 

28 

20,60 

A 

Sodium  chloride 

Saturated 

20 

A 

Calcium  chloride 

solution 

5,10,25 

100 

A 

Ammonium  chloride 

1 ,10 

100 

A 

Hydrogen  peroxide 

3,6 

20 

A 

Carbon  tetrachloride  (1%  HoO) 

- 

Boiling  point 

A 

Dichloroethylene  4 

100 

The  same 

A 

to  make  coils  working  under  pressure  of  60-70  atm,  autoclaves  and 
other  equipment. 


Figure  III-19  illustrates  the  diagrams  for  corrosion  resistance 
of  titanium,  niobium  and  tantalum  in  mineral  acid  solutions. 


Ti>BLE  III-58.  CORROSION  RESISTANCE  OF  NIOBIUM  IN  DIFFERENT  MEDIA 


Medium 

Concentration 

Temperature 

Degree  of 

weight .  X 

°C 

corrosion 

resistance 

Acid 

nitric 

Concentrated 

1 0  0 1 

A 

20 

20 

A 

hydrochloric 

Concentrated 

20 

A 

The  same 

100 

A (becomes 

brittle) 

sulfuric 

25%  by  vol. 

20 

A 

Concentrated 

50 

A 

The  same 

100 

B 

The  same 

150 

C 

phosphoric 

85 

20 

A 

85 

100 

A(becomes 

brittle) 

acetic ,  glacial 

Alkali 

25 

20 

A 

B 

potassium  hydroxide 

5 

5 

100 

C 

sodium  hydroxide 

5 

31 

A 

5 

100 

C 

Aqueous  solution  of  ammonia 

25 

150 

A 

TABLE  III-59 .  CORROSION  RESISTANCE  OF  TANTALUM  IN  DIFFERED 

IT  MEDIA 

Medium 

Concentration 
weight. % 

Temperature 

Degree  of 
corrosion 

resistance 

Acid 

formic 

- 

80 

A 

acetic 

Any 

20-390 

A 

hydrochloric 

20 

0-100 

A 

Concentrated 

0-100 

A 

nitric 

10 

20-100 

A 

Concentrated 

86 

A 

mixture  of  hydrochloric 
and  nitric  (aqua  regia) 

20-60 

A 

sulfuric 

20 

20-300 

A 

Concentrated 

150 

A 

Concentrated 

200 

A 

Concentrated 

0.25 

B 

phosphoric 

Alkali 

85 

145 

110 

A 

potassium  hydroxide 

5 

A 

sodium  hydroxide 

5 

100 

A 

40 

100 

B 

Chlorine ,  saturated  with  water 

- 

20 

A 

vapors 

Zirconium  is  used  to  make  equipment  that  operates  in  contact 
with  hydrochloric  acid  and  organic  acids.  Titanium  has  exceptional 
corrosion  resistance  in  acetic,,  formic  and  citric  acids.  It  does 
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Figure  III-19.  Diagrams  of  Corrosion  Resistance 
of  Ti ,  Nb ,  Ta  in  Mineral  Acids 

Key: 

A.  At  boiling  point  of  acids 

B.  At  190°C 

a.  For  Ti 

b .  For  Nb 

c.  For  Ta 

d.  Acid  concentration,  weight. % 

e.  Less  than 

f.  mm /year 

g .  More  than 

h.  Metal  becomes  brittle 

i .  No  data 


not  break  down  at  all  under  the  influence  of  these  acids  at  the 
boiling  point.  It  is  used  to  make  laboratory  equipment:  crucibles 
(by  the  extrusion  method) ,  containers  for  agressive  solutions 
(lining  with  sheets  of  zirconium). 


Figure  III-20  presents  the  diagrams  for  corrosion  resistance 
of  zirconium  in  solutions  of  basic  mineral  acids. 
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TABLE  III-6Q .  CORROSION  RESISTANCE  OF  ZIRCONIUM  IN  DIFFERENT  MEDIA 


Medium 

Concentration! 
weight . % 

Temperature 

°C 

Degree  of 
corrosion 
resistance 

Acid 

formic 

90 

20;  boil.pt, 

A 

acetic 

5  ,99 

60  ,100 

A 

hydrochloric 

Diluted 

Any 

A 

Concentrated 

20 

A 

nitric 

The  same 

Boiling  Pt. 

C 

10 

20-100 

A 

mixture  of  hydrochloric  and 

nitric 

- 

18-60 

C 

sulfuric 

10 

20-100 

A 

96 

100 

C 

phosphoric 

20-85 

20-100 

A  ,B 

Alkali 

sodiui.  hydroxide 

10-50 

20-100 

A 

potassium  hydroxide 

10,20  ,30,40 

20-100 

A 

Carbon  tetrachloride 

100 

20-49 

A 

Hydrogen  peroxide 

10 

49 

A 

HNOj 
H|PO«g 

h,so4. 


10  <tO  SO  90  /M 
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Figure  III- 20.  Diagram  of  Corrosion  Resistance 
of  Zirconium  in  Mineral  Acids 

Key: 

a.  At  boiling  point  of  acids 

b.  At  80 °C 

c.  Acid  concentration,  weight. % 

d.  Less  than 

e.  mm/year 

f .  More  than 


Nonmetal 


Chemically  Stable  Materials^ 


Natural  Acid-Resistant  Materials 


These  include  rocks  containing  less  than  55%  Si02  (andesite, 
beschtaunite ,  granite,  quartzite,  basalt)  that  have  high  chemical 
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stability  and  mechanical  strength.  The  acid-resistance  in  nitric 
and  sulfuric  acids  is  95-99%.  They  are  used  as  independent  con¬ 
struction  materials  for  absorbing  towers  .concentrators  ,  electric 
filters,  as  well  as  as  lining  materials  for  collectors,  settling  tanks, 
coolers  and  other  units  in  the  production  of  sulfuric,  hydrochloric, 
nitric  acids  and  their  salts.  They  are  used  as  fillers  in  acid- 
resistant  concretes. 

Acid-Resistant  Ceramic 

It  is  resistant  to  all  mineral  and  organic  acids  ,  except  fluoric 
(acid  resistance  is  96-98%),  but  is  not  resistant  to  alkalis.  The 
water  absorption  of  ceramic  is  from  3  to  12%. 

It  is  used  to  make  acid-resistant  brick  (GOST  474-41)  ,  acid- 
resistant  and  thermo-acid-resistant  slabs  (GOST  961-57)  to  line 
apparatus  and  to  face  construction  designs;  acid-resistant  Raschig 
rings  (GOST  748-41)  used  as  inserts;  acid-resistant  pipes  (GOST  585-45) 
with  diameter  from  25  to  300  mm,  of  length  from  300  to  1000  mm 
for  transporting  agressive  liquids;  acid-resistant  sheet- steel  cylin¬ 
ders  (towers)  (GOST  732-41)  of  diameter  from  300  to  1200  mm  and 
height  500-1000  mm  for  equipment  operating  in  acid  media. 

Melted  Nonmetal  Materials 

Stone  casting  is  distinguished  by  an  exceptionally  dense  struc¬ 
ture.  The  water  absorption  is  no  more  than  0.16%.  The  resistance 
to  sulfuric  acid  is  99.8%,  and  to  hydrochloric  99.3%.  The  casting 
is  stable  in  all  acids  (except  fluoric)  and  in  alkali  solutions 
(at  low  temperatures) .  Items  made  of  stone  casting  have  high  mechani¬ 
cal  strength  and  are  abrasive-resistant,  but  have  low  impact  strength. 

Stone  casting  is  used  for  manufacture  of  lining  slabs  (STU 
36-13-718-61),  wedge  brick  (STU  36-13-756-61),  bushings  and  troughs 
for  lining  pipelines  (VTU-2-63)  ,  and  different  shaped  items. 

Quartz  glass  contains  98-99%  SiC^.  It  possesses  high  thermal 
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resistance,  and  can  be  used  at  temperatures  up  to  1000  °C.  It  is 
■-esistant  to  mineral  and  organic  acids  of  any  concentrations 
(except  fluoric  and  phosphoric  acids),  but  is  not  resistant  to  alkalis. 
It  does  not  break  down  with  a  drastic  change  in  temperature.  It  is 
used  to  make  different  parts  of  chemical  equipment  (small  vessels, 
evaporator  dishes) ,  straight  quartz  tubes  (GOST  8680-58)  and  molded 
ones  (GOST  10239-62). 

Silica  glass  is  resistant  to  mineral  and  organic  acids,  but  is 
destroyed  by  alkali  solutions.  It  is  used  to  make  chemical  equipment 
and  parts  for  it ,  pipes  ,  as  well  as  laboratory  instruments  and 
vessels.  Pipes  made  of  silica  glass  (GOST  8894-58)  are  used  for 
transporting  hot  and  cold  agres  sive  liquids  (with  the  exception  of 
fluoric  acid  and  concentrated  alkalis) at  a  temperature  from  -30  to 
120°C.  The  shaped  parts  for  glass  pipelines  are  manufactured  accor¬ 
ding  to  GOST  11192-65. 

The  Pervoural'sk  01d“Pipe  Plant  has  mastered  production  of  steel 
pipes  that  are  lined  with  glass  and  have  the  same  high  resistance 
as  glass  pipes.  The  operating  temperature  of  the  line  pipes  is  from 
-70  to  +200 °C.  The  temperature  gradient  is  to  420 °C. 

27 

Enameled  items  are  resistant  to  the  effect  of  mineral  and 

organic  acids  (with  the  exception  of  fluoric  ,  fluosilic  and  technical- 

grade  phosphoric  acid),  to  solutions  of  salts  and  alkali  solutions 

with  concentration  to  3Z.  They  are  not  resistant  to  concentrated 

solutions  and  alkali  melts.  The  operating  conditions  of  enameled 

o 

apparatus:  temperature  from  -30  to  +200®C,  pressure  3-6  kg-f/cm  . 
Industry  manufactures  enameled  apparatus  with  capacity  from  30  to 
6300  1.  Production  of  enameled  pipes  and  steel  enameled  connecting 
parts  has  been  developed  at  the  Smelyansk  Machine  Construction 
(standards  NE-10-00-11  ,  1963)  and  the  Pervouralsk  Old-Pipe  Plants. 

Devitrified  glass  and  slag-devitrif ied  glass  are  new  glass- 
crystal  chemically  stable  construction  materials  that  have  high 
heat-resistance,  resistance  to  a  drastic  drop  in  temperature,  high 
mechanical  strength  and  wear-resistance,  and  are  easily  machined. 

The  devitrified  glass  exceeds  the  slag-devitrified  glass  in  qualities, 
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but  is  considerably  higher  in  cost. 

Industrial  production  of  slag-devitrrfied  glass  has  been  set 

up  at  the  Xonstantinovskiy  plant  "Avtosteklo . "  Faced  slabs  of 

different  sizes  are  manufactured.  Production  of  pipes  for  working 

3 

pressures  of  4-8  kg-f/cm  and  temperatures  from  -30  to  +250°C  has 
been  developed. 

Composites  Eased  on  Liquid  Glass 

Acid-resistant  composites  (putty,  mortar,  concrete)  are  used  as 
a  binding  agent  in  lining  chemical  equipment  ,  installation  of  acid- 
resistant -floor's  and  facing  structures,  as  well  as  as  an  independent 
construction  material  for  floors  and  foundations  under  equipment. 

They  are  resistant  to  acids  of  any  concentrations  (except  fluoric 
acid)  ,  but  are  not  at  all  resistant  to  alkalis  and  are  destroyed 
under  the  lengthy  effect  of  water.  The  composites  are  made  at  the 
site  of  performing  the  work.  They  are  used  at  a  temperature  no  lower 
than  10°C. 

The  composite  composition  includes:  liquid  glass  (GOST  962-41) 

3 

of  modulus  2.56-2.8,  with  density  no  lower  than  1.4  g/cm  ;  sodium 
fluosilicate  (GOST  87-66)  and  acid-resistant  fillers,  gravel,  quartz 
sand  and  ground  filler. 

The  gravel  must  have  acid-resistance  not  below  97%  (according 
to  GOST  473-64)  and  meet  the  requirements  of  GOST  8237-64  for 
granulometry.  The  quartz  sand  must  contain  no  less  than  97%  Si02 
and  meet  the  requirements  of  GOST  8736-62  for  granulometry.  Fine- 
ground  acid-resistant  rocks,  quartz  sand  or  powder  No.  2  made  of 
stone  casting  (STU-36-13-717-61)  are  used  as  the  ground  filler.  The 
acid-resistance  of  the  filler  is  not  less  than  97% ,  and  moisture 
content  no  more  than  1%. 

A  sample  composition  of  the  composites  on  a  liquid  glass  base 
is  presented  oelow. 
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Table  III.61.  Composition  and  field  of  employment  of  materials  on  the 
bases  of  black  binders. 
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Key:  (1)  Materials;  (2)  Composition,  weight  %i  (3)  Bituman 

mark  BN-IV  (GOST  6617-56):  (4)  Coal-tar  pitch  (GOST  1038-65); 

(5)  Coal-tar  resin  (GOST  4492-65);  (6)  Ground  acid-resistant 
filler;  (7)  Quartz  sand;  (8)  Acid-resistant  gravel;  (9)  Asbestos 
6-7th  grades  (GOST  7-60);  (10)  Mastic;  (11)  Bituminous;  (12) 

Ptich;  (13)  Solution;  (14)  Field  of  employment;  (15)  Pitch  - 
coal-tar;  (16)  Concrete;  (17)  For  laying  single  acid-resistant 
materials;  structures  of  water-proofing  layers  in  the  construction 
of  floors;  protection  of  foundations  and  other  construction  elements; 
(18)  In  the  construction  of  acid  -  resistant  floors  and  foundations 
which  function  in  aggressive  media;  for  structures  of  acid-resistant 
fluid  areas;  (19)  For  structures  of  substructures  of  floors  of  first 
story  with  overacid  ground;  protection  of  foundations  and  structures 
of  acid-resistant  fluid  areas;  (20)  Note.  Materials  based  on  coal- 
tar  pitch  should  be  employed  only  with  closed  construction  not 
subjected  to  the  influence  of  the  Sun's  rays. 
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Composite 

i  Comoos ition 

HU 

Sodium 

fluoro- 

silicate 

Ground 
acid- 
resistant 
filler _ 

Quartz 

sand 

Acid- 

resistant 

gravel 

Putty 

Mortar 

Concrete 

350-420 

400-500 

250-400 

,  g/kg  of  filler 

1  60  T  1000  1  -  1 

kg/m^  of  solution  (concrete) 

60-70  j  400-500  1900-12001 

40-60  |  300-400  |500-700  |  700-1000 

Composites  Based  on  Ferrous  Binding  Materials 

Composites  based  on  bitumen  and  coal  pitch  are  made  by  adding 
fillers  to  diluted  binding  agents.  They  are  resistant  to  diluted 
solutions  of  acids  ,  acid  waters ,  and  solutions  of  salts  at  tempera¬ 
tures  to  40-50°C.  They  are  not  resistant  to  hot  concentrated  acids, 
oxidizers  and  organic  solvents . 

The  compositions  and  area  of  application  of  the  composites  are 
given  in  table  111-61. 

Polymer  Materials^'  32 

They  are  widely  used  in  technology  to  protect  from  corrosion. 
The  physical- chemical  properties  and  chemical  resistance  of  these 
materials  are  presented  in  tables  III-62  and  III-63. 

Polyvinyl  chloride  plastic  possesses  high  mechanical  strength 
and  chemical  stability  for  nonoxidizing  agressive  media.  It  swells 
in  the  majority  of  organic  solvents.  It  is  inflammable.  It  is 
easily  machined,  decays  in  the  heated  state,  and  is  welded  by  hot 
air. 


It  is  manufactured  in  the  form  of  sheets  (GOST  9139-61)  ,  and 
rods  (TU  MKhP  4251-54).  It  is  used  most  often  to  make  vessels,  venti 
lation  systems,  and  different  parts. 

33 

Polyvinyl  chloride  plastic  pipes  of  length  1-3  m  and  diameter 
6-240  mm  and  shaped  polyvinyl  plastic  chloride  parts  for  pipelines 


for  transporting  agressive  liquids  are  manufactured  by  the  Vladi¬ 
mir  and  Okhtinskiy  Plastic  Plants  for  conventional  pressure  of  2.5- 
6  kg-f/cm^  and  temperature  of  20-60°C  (according  to  TU  MKhP  4251- 
54  and  plant  standards). 

Polyvinyl  chloride  plastic  through-way  valves  of  the  type  "Kosva” 
(MRTU  6-05-983-66)  are  used  on  pipelines  for  transporting  agressive 
liquids  and  gases  at  a  temperature  to  +50°C  and  pressure  to  25  atm. 

The  Dnepropetrovsk  Pipe-Rolling  and  Pervoural'sk  Oil-Pipe  Plants 
have  developed  the  manufacture  of  steel  Dines  which  are  lined  with 

n  / 

polyvinyl  chloride  plastic"3  for  transporting  agressive  media.  In 
this  case ,  there  is  an  increase  in  the  interval  of  working  tempera¬ 
tures  (from  -10  to  +80°C)  and  working  pressure  (to  16  atm.). 

35  36 

Polyethylene  ’  has  good  frost  resistance,  but  low  heat 
resistance.  It  is  resistant  to  solutions  of  acids,  alkalis  and  salts, 
but  is  not  resistant  to  oxidizers  and  the  effect  of  ultraviolet  rays, 
especially  during  heating.  It  swells  at  normal  temperature  in  the 
majority  of  organic  solvents.  It  has  high  dielectric  properties  and 
is  incombustible  It  is  easily  machined.  It  is  welded  well  by 
nitrogen  at  a  temperature  of  200-220°C. 

Polyethylene  of  low  density  (high  pressure)  is  manufactured  accor- 
according  to  MRTU  6-05-889-65  and  high  density  (low  pressure) 
according  to  MRTU  6-05-890-65  which  is  distinguished  in  its  physical 
and  mechanical  properties.  It  is  mainly  used  as  construction  material 
for  the  manufacture  of  container  equipment.  Pipes  have  been  developed 
and  are  being  manufactured  made  of  high  density  polyethylene  (MRTU- 
6-05-917-63)  and  low  density  (MRTU  6-05-918-63)  with  diameter  of  6- 
300  mm,  length  of  6-12  m.  The  are  designed  to  operate  with  conven- 
tional  pressure  from  2.5  to  10  kg-f/cm  and  temperature  of  20-60°C. 

Polypropylene  (STU  36-13-126-65)possesses  better  mechanical 
properties  and  thermal-resistance  than  polyetheylene ,  and  is  less 
prone  to  oxidation  destruction.  The  chemical  stability  of  poly¬ 
propylene  is  the  same  as  polyethylene.  Parts  made  of  polypropylene 

are  easily  welded. 
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TABLE  III-62.  PHYSICAL-MECHANICAL  PROPERTIES  OF  POLYMER  MATERIALS 


Material 


Polyvinyl  chloride 
plastic 

Polyethylene 

low  density  (PKP) 

high  density  (PVP) 
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kcal 


TT.-h.degj 


004-4(08 

0-VW 

Oil 

0.1—110 

.10-35 


Brlnell 
hardneai 
kg-f  Amr 


13 

1.4-25 

44-5J* 

lo -13 
7-8 
3-4 

18-23 

15-23 


Kartena 

(heat 

stability) 
C 


«5 


73 

100-1  to 


((Pfonl^ic 


tie 

1311 

170 


Temperature 
Unite  of 
application 
•C 


from  0  to 
+60 

from  *66 
to  +60 
from  *66 

&*??35 
to  +100 
from  -195 
co  +125 
To  +180 
fro*  -269 
to  +250 
fro*  -40 
to  +130 
fro*  -An 
to  +120 

Ito  +180 


* 

The  nunerator  presents  the  strength  of  unhardened  material .  and  the  denominator  presents 
the  hardened  material. 
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TABLE  III -63.  CHEMICAL  STABILITY  OF  POLYMER  MATERIALS  IN  DIFFERENT 
»*EDIA 


(Y--stable,  OY--relatively  stable,  H--unstable) 


Aatntaim 

MMUIOT* 

Ce pJSf 

KMCAOT* 

(W 

1 

l 

y  Kcyfnin 

KMCJiora 

f 

X 

te 

f* 

is 

as 

in 

T 

if 

ii 

it 

Pac&fo 

NaOH 

•  ' 

© 

r)i 

•ft 

N 

ft* 

if 

1 1 
fifci 

O 

AC 

If 

si 

* 

o 

•o 

& 

! 

* 

o 

N 

kL 

* 

N 

At  20  °c 

i  y 

y 

i{ 

y 

H 

y 

y 

oy 

y 

y 

y 

H 

oy 

H 

H 

y 

H 

y 

y 

y 

y 

y» 

H 

H 

y 

H 

II 

y 

H 

y 

y 

y 

y 

y 

H 

H 

y 

H 

H 

y 

H 

y 

y 

y 

y 

y 

II 

H 

y 

y 

II 

y 

H 

y 

oy 

H 

y 

y 

y 

y 

1  y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

i  y 

y 

y 

y 

y 

y 

y 

'y 

y 

y 

y 

y 

1  y 

oy 

H 

y 

H 

y 

y 

y 

y 

H 

y 

H 

At  60  *c 

i  y 

oy 

H 

oy 

H 

oy 

oy 

H 

oy 

oyi  oy 

H 

1  H 

H 

H 

y 

H 

y 

y 

y 

y 

y  • 

H 

If 

H 

H 

y 

H 

y 

y 

y 

y 

y 

H 

H 

_ 

H 

H 

y 

H 

y 

y 

y 

y 

y 

H 

If 

y 

oy 

H 

_ 

H 

— 

H 

H 

ov 

H 

H 

H 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 
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y 
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y 

H 

H 

y 

H 

y 

— 

H 

y 

Material 


Polyvinyl  chloride  plastic 

^rao^ft^xmprigna^ed  with  phenol- 
formaldehyde  resin 

Po3$c&^rotrifluoroethylene 

Polytetrafluoroethylene 

Asbestos-vinyl 

Polyvinyl  chloride  plastic 

Anthegmite  (ATM-1)  1 

Graphite  impregnated  with  phenol- 
formaldehyde  resin 
Polyethylene  _  ,  , 

Polychlorotrifluoroethylene 
Polytetrafluoroethylene 
Asbestos-vinyl 


Key: 

1.  Nitric  acid 

2.  Sulfuric  acid 

3.  Hydrochloric  acid 

4.  Acetic  acid 

5.  Formic  acid  to  20% 

6.  Hydrofluoric  acid 

7 .  NaOH  solution 

8.  to 

9.  Concentrated 

10.  Glacial 

*Faolite  of  brand  T. 


Production  of  pipes  made  of  polypropylene  with  diameter  of  8- 
219  mm  for  nominal  pressure  of  2.5-16  kg-f/cm  has  been 
developed.  The  operating  temperature  of  the  polypropylene  pipes  is 
from  -10  to  +100°C. 

Fluoroplastics. 38  Polytetrafluoroethylene  (GOST  100007-62)  has 
exceptionally  high  anti-corrosion  and  dielectric  properties  ,  heat 
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resistance  and  frost-resistance.  It  is  resistant  to  the  effect  of 
*11  acids  (include  aqua  regia),  oxidizers  and  alkalis.  It  does  not 
swell  and  is  not  dissolved  in  solvents.  It  is  not  wetted  by  water 
and  does  not  swell  in  it.  It  is  incombustible.  It  only  breaks  down 
under  the  influence  of  melted  alkali  netals ,  elementary  fluorine  and 
chlorine  trifluoride. 

Fluoroplastic  is  cold-flow,  as  a  consequence  of  which  the  items 
made  of  it  cannot  operate  under  a  load  exceeding  30  kg-f/cm  ,  even 
at  room  temperature. 

It  is  used  to  make  different  packing  parts  and  chemically- 
stable  items,  gaskets  (for  closed  flanges),  gland  packing,  rings, 
valve  seats  ,  bellows  ,  bushings  ,  valves  ,  faucets  ,  diaphragms ,  pipes 
and  other  parts.  The  pipes  made  out  of  polytetrafluoroethylene 
(VTU  UKhP  277-60)  are  manufactured  in  diameter  of  20-430  mm  for 
operation  under  pressure  to  10  kg-f/cm  at  a  temperature  from  -100 
to  +250°C.  They  are  connected  by  insertion  flanges. 

Fluoroplastic-4D  (MRTU-5-05-942-64)  is  not  inferior  in  mechanical 
and  dielectric  properties  ,  chemical  stability  and  heat-resistance 
to  fluoroplastic-4  (polytetrafluoroethylene) .  It  is  the  raw  material 
for  the  fabrication  of  special  lubricants  and  packing  materials  FUM 
(MRTU  6-M-870-62) . 

Polychlorotrifluoroethylene  (fluoroplastic-3)  (MRTU-6-05-946-65) 
is  somewhat  inferior  in  chemical  stability  and  heat-resistance  to 
fluoroplastic-4.  It  is  resistant  to  the  effect  of  sulfuric,  nitric, 
hydrochloric  acids  of  all  concentrations ,  aqua  regia ,  solutions  of 
alkalis  and  salts.  It  is  broken  down  under  the  influence  of  melts 
of  alkali  metals  and  caustic  alkalis,  chlorosulfonic  acid,  elementary 
fluorine  and  high-percentage  oleum.  It  is  dissolved  and  swells  in 
certain  organic  substances.  It  is  not  wetted  by  water  and  does  not 
swell  in  it. 

Polychlorotrifluoroethylene  is  essentially  not  prone  to  cold 
flow.  It  is  easily  machined.  It  is  used  to  make  packing,  chemically 
stable  parts.  Suspensions  of  polychlorotrifluoroethylene  are  used 


to  apply  anti- corrosion  coatings  on  the  metals. 

Fluoroplastic- 3M  (MRTU  6-05-905-63)  is  somewhat  softer  and 
less  elastic  than  fluoroplastic- 3 ,  and  is  similar  to  it  in  the 
remaining  properties. 

Fluoroplastic- 32L  (TU  P-74-61)  and  fluoroplastic- 42  (VTU  208-62) 
are  soluble  in  certain  organic  solvents.  They  amused  to  make  anti¬ 
corrosion  lacquers. 

-J7 

Polyformaldehyde  (STU  36-13-8-64)  is  a  new  plastic  that  has 
a  high  degree  of  hardness  and  impact -resistance .  It  is  not  cold 
flox*  at  temperatures  to  100°C.  It  is  resistant  to  atmospheric  effects, 
frost-resistant,  water-resistant  and  resistant  to  oils  and  gasoline. 

It  is  insoluble  in  organic  solvents  at  temperatures  to  100 °C.  It 
is  not  resistant  to  acids  and  alkalis.  The  temperature  limits  of 
application  are  from  -40  to  +130aC. 

Polycarbonate  ITU  P-262-63)  possesses  very  high  mechanical 
strength  and  impact-resistance  (to  temperature  of  -100°C). 

Water  absorption  of  polycarbonate  is  0.3-0.62.  It  is  resistant 

to  the  effect  of  oils  and  gasoline  at  125°C,  and  is  resistant  to 

hydrocarbons,  alcohols,  nitric  and  hydrofluoric  acids,  and  organic 
37 

acids.  It  is  not  resistant  to  alkalis,  ammonia,  chlorinated 
hydrocarbons  and  pyridine  bases.  The  temperature  limit  of  application 
is  from  -100  to  +140°C. 

Asbestos  vinyl  (VTU  MKhP  3109-53)  is  supplied  in  the  form  of  a 
39 

mass  ready  for  use.  It  is  used  as  a  lining  composite  for  protec¬ 
tion  of  metal  and  concrete  from  destruction  in  acid  and  alkali  media. 

It  is  applied  by  a  spatula  in  several  layers  of  total  thickness  10- 
12  mm.  It  is  resistant  to  the  effect  of  acetone,  gasoline,  benzene, 
chlorobenzyl ,  ethyl  and  methyl  alcohols. 

Faolite.  It  is  resistant  to  nonoxidizing  acid  media  and  to  the 
majority  of  organic  solvents,  but  is  not  resistant  to  the  effect  of 
alkalis . 
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Untreated  (TU  MKhP  322-45)  and  strengthened  sheets  made  of 
faolite  (TU  GKhP  35-44)  are  manufactured;  pipes  (TU  MKhP  321-51) 
for  transporting  agressive  liquids;  and  fittings  and  parts  for  con¬ 
necting  pipelines. 

Items  and  parts  made  of  faolite  are  connected  by  faolite  nutty 
(TU  GKhP  34-44)  and  arzamite  putty. 

Textolite  is  somewhat  inferior  in  chemical  resistance  to  fao¬ 
lite,  but  significantly  exceeds  it  in  mechanical  strength.  It  is 
easily  machined.  It  is  manufactured  in  the  form  of  sheets  and  slabs 
(GOST  5-52)  used  to  make  different  parts  (for  example,  piston  rings) 
and  pipes  (TU  MKhP  1471-47)  for  transporting  agressive  liquids  at  a 
temperature  to  80 °C  and  pressure  to  3  atm. 

Fiber  glass  is  material  that  consists  of  a  fiberglass  filler  and 
binding  agents  (different  thermoreactive  and  thermoplastic  resins). 

Binding  agents  based  on  polyester,  epoxy,  phenol-formaldehyde 
resins  (or  their  composites)  have  become  the  most  'widespread. 

Good  mechanical  and  physical-chemical  properties  determine  the 
broader  usage  of  fiber  glass. 

The  chemical  stability  of  fiber  glass  is  determined  by  the 
chemical  resistance  of  the  binding  agent.  Fiber  glass  based  on  epoxy 
and  phenol- formaldehyde  resins  has  the  greatest  chemical  stability. 
Industry  manufactures  sheets  and  pipes  made  of  fiber  glass  and 
fiber  glass  molding,  material. 

Anthegmite  is  a  chemically  stable  antifriction  heat-conducting 
material.  It  is  resistant  to  the  effect  of  solutions  of  salts  and 
acids,  and  is  not  resistant  to  the  oxidizers  and  alkalis.  It  is 
resistant  to  the  majority  of  organic  solvents.  Items  made  of  antheg¬ 
mite  are  easily  machined. 

It  is  designed  for  the  manufacture  by  the  hot  extrusion  method 
of  heat-exchange  chemical  equipment,  pumps  and  parts  of  apparatus 
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operating  in  agressive  media,  as  well  as  to  replace  bronze  and  lead 
in  bearings. 

Industry  manufactures  anthegmite  of  brands  ATM-1 ,  ATM-10,  and 
ATM-1G  which  are  distinguished  in  heat-resistance  and  physical- 
mechanical  properties.  Anthegmite  ATM-1  is  manufactured  in  the  form 
of  lining  slabs  (TU  35KhP-710-64)  and  pipes  (TU  35KhP-723-64) . 

Impregnated  graphite. ^  Graphite  is  a  material  which  combines 
high  chemical  resistance  and  heat  conductivity  with  good  mechanical 
properties.  A  shortcoming  of  it  as  a  design  material  is  its  high 
porosity  (30-35%).  When  graphite  is  impregnated  with  different 
chemically  stable  resins,  its  open  porosity  is  reduced  to  zero. 
Phenol -formaldehyde  resin  is  the  most  suitable  for  impregnation. 

The  impregnated  graphite  is  resistant  to  the  majority  of  organic 
solvents.  It  is  used  to  make  heat-exchange  apparatus  that  operates 
in  agressive  media. 

41 

Arzamite  (putty)  is  self -hardening .rapid- setting  material . 

It  is  used  as  a  binding  agent  in  lining  apparatus  with  inlaid 
materials  ,  for  gluing  parts  made  of  impregnated  graphite ,  anthegmite 
and  faolite. 

The  arzamite  putties  are  impermeable  for  liquids  at  pressure  to 
3-5  atm.  ,  are  not  broken  down  by  water,  and  have  high  mechanical 
strength  and  chemical  resistance.  They  are  supplied  in  the  form  of 
two  components  ,  putty  powder  and  a  solution  which  can  be  mixed 
before  use  in  a  ratio  of  1:(0. 3-0.6).  It  is  recommended  that  the 
putty  be  prepared  in  a  quantity  that  is  needed  for  working  for  no 
more  than  1-1.5  h,  since  at  room  temperature  the  arzamite  putties 
set  in  several  hours  and  harden  in  the  space  of  a  day. 

Table  III-64  presents  the  chemical  resistance  of  putties  of 
different  brands  manufactured  by  industry. 

Arzamite  putties  of  brands  I-V  during  hardening  shrink  con¬ 
siderably.  The  maximum  working  temperature  of  their  use  is  equal  to 


TABLE  III-64 .  CHEMICAL  STABILITY  OF  ARZAMITE  PUTTIES  IN  DIFFERENT 
MEDIA  (Y--stable;  P--breaks  down) 


lSO-lSO^C.  The  arzamite  putties  of  brands  IV  and  V  are  heat-conduct¬ 
ing. 

Putties  of  new  brands  have  been  developed.  Thermally  stable 
putty  of  brand  VI  is  resistant  to  the  effect  of  phosphoric  and  hydro¬ 
chloric  acids  of  any  concentrations  and  to  their  mixtures,  to  70Z 
acetic  and  to  phenyl  acetic  acids  ,  to  ZOZ  sulfuric  acid  at  tempera¬ 
tures  to  250°C.  Nonshrinking  arzamite-VII  putty  is  resistant  to  the 
effect  of  acid  and  alkali  agressive  media,  gasoline,  benzene,  tolu¬ 
ene,  xylol,  but  is  not  resistant  to  the  effect  of  oxidizers,  acetone, 
ethyl  acetate  and  amyl  acetate. 

Paint  and  Varnish  Materials42-44 

Paint  and  varnish  coatings  are  the  most  accessible  and  inex¬ 
pensive  type  of  protection  of  metal  from  corrosion.  They  are 
widely  used  for  protection  from  atmospheric  corrosion  and  from 
corrosion  in  aqueous  media.  Complex  multilayer  coatings  based  on 
chemically  stable  paint  and  varnish  materials  are  used  in  the 
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chemical  industry  for  protection  of  metal.  The  characteristics  of 
the  paint  and  varnish  materials  used  in  the  nitrogen  industry  are 
presented  in  table  III-68. 


TABLE  III-65.  CHEMICAL  STABILITY  OF  POLYISOBUTYLENE 


Medium 

Terni 

C _ 

40  . 

■HfiHH 

Acid 

hydrochloric  to  35% 

Stable 

Stable 

Stable 

sulfuric  to  70% 

tt 

tl 

ll 

sulfuric  to  80% 

Fairly  stable 

Unstable 

Unstable 

sulfuric  to  85% 

Unstable 

11 

II 

nitric  from  5  to  25% 

Stable 

Stable 

Stable 

nitric  40% 

tt 

1 1 

Insuffi¬ 
ciently  stab 

nitric  50% 

ft 

Insuf . 
stable 

Unstable 

nitric  60% 

Unstable 

Unstable 

Unstable 

hydrofluoric  40% 

Stable 

Insuf . 
stable 

,Insuf . 
stable 

acetic  25-60% 

» » 

Stable 

Stable 

glacial  acetic 

It 

II 

II 

formic  to  10% 

It 

- 

- 

Water 

Stable 

Stable 

Stable 

Acetone 

tt  ! 

M 

ll 

Gasoline 

Unstable 

- 

Unstable 

Benzene 

ft 

- 

- 

Oils  and  fats 

II 

- 

Unstable 

Alcohol 

butyl 

Stable 

- 

tl 

methyl 

It 

/• 

Jnstable 

Unstable 

Carbon  tetrachloride 

Unstable 

- 

Solutions  of  alkalis  of  any 

concentration 

Stable 

- 

- 

Note:  The  table  presents  the  chemical  stability  of  polyisobutylene 
of  brand  TsBSG  (TU  MKhP  1655-54r). 


Roll  and  Sheet  Anticorrosion  Materials 

Ruberoid  (GOST  10923-64)  is  used  as  roofing  material,  water¬ 
proofing  sublayer  of  linings  ,  in  designs  of  acid-resistant  floors , 
for  the  protection  of  foundations.  It  is  resistant  in  relation  to 
diluted  solutions  of  acids,  acid  waters,  and  salt  solutions. 

Hydroisol  (waterproofing  material)  (GOST  7415-55)  is  used  to 
install  waterproofing  layers  and  protective  coatings  of  metal  pipe¬ 
lines.  It  is  resistant  in  the  saine  agressive  media  as  ruberoid. 
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TABLE  III-66 .  PHYSICAL -MECHANICAL  PROPERTIES  OF  CERTAIN  BRANDS  OF 
RUBBER  AND  EBONITE 


Brand  Ultimate  strengthl  Heat 
ks-f  /cm"  I  r^si 


I 


esis- 

ance 

°C 


829  200 
1976  52 

2566  160 


4476 

4477 

4478 

4479 

1751 


Soft  rubber 
1.07 

1.12 


1.07 


274 

628.0 

Ebonite 

43 

364 

713.0 

62.2 

320 

577.0 

55 

450 

890 

-56 

1.21 


Area  of  application 


For  rubberizing  exposed  vulcan 
ization  in  boiling  water 
For  rubberizing  apparatus  with 
sublayer  made  of  ebonite  No. 
1814  ,  as  well  as  for  lining 
pines.  Vulcanization  under 
pressure  and  by  open  method 
For  lining  apparatus;  vul¬ 
canization  by  onen  method  in 
boiling  solution  of  calcium 
chloride 

For  rubberizing  apparatus; 
vulcanization  under  pressure 
and  by  open  method 


For  rubberizing  metal  appara¬ 
tus  ,  pipes  ,  mixers  ,  centri¬ 
fuges;  vulcanization  under 
pressure 

As  a  sublayer  under  soft  rubbe 
of  brand  1976  and  4476-79 
For  rubberizing  stopper  plugs; 
vulcanization  under  pressure 
For  rubberizing  apparatus; 
vulcanization  by  open  method 


TA3LE  III-67 . 


Medium 


CHEMICAL  STABILITY  OF  SOFT  RUBBER  AND  EBONITE 


Permissible 
temperature  of 
medium,  °C 


Permissible 
concentration  JL 


Milk  of  lime 
Solutions 

of  potassium  hydroxide 
of  sodium  hydroxide 
of  ammonia 
Acid 
nitric 
sulfuric 
sulfurous 
hydrochloric 
hydrofluoric 
Acetone 
Ethyl  alcohol 


Concentrated 


TABLE  III-68.  CHARACTERISTICS  OF  PAIlfT  AW)  VARHISB  MATERIALS  USED  IH  HITROCEH  INDUSTRY 


Working 

Juration 

Solvents 

viscosity , 

jf  drying 

s  ( from 

h 

viscosi- 

meter  VZ-4) 

Paine  and  varnish  aatariais 


Area  of  application 


Phosphatlng  primers  of  brands 
VL-02  (T'J  35KhP-432-62>  ,  VL- 
08  ( VTU  UKhP- 107-59)  and  VL- 
023  (STU  45KhP-2049-643- -two- 
layer  primers  consisting  of 
a  base  (suspension  of  pigments 
In  solution  of  polyvinyl- 
butylene  ,  modified  by  novolac 
resins  ,  in  a  mixture  of  organl^ 
solvents)  and  acid  diluent 
(water-alcohol  solution  of 
orthoohosphorlc  acid) supplied 
in  a  set.  Before  the  use  of 
the  base,  it  is  mixed  with  a 
diluent  in  a  4:1  ratio  (by 
weight)  ,  for  brand  VL-023-- 
in  a  5:1  ratio.  The  period  of 
suitability  of  diluted  primer 
is  8  h.  It  is  applied  in  one 
layer 

Phosphating  primer  VL-022 
(VTUI.F  71  63)--one-layer 
polyvinylbutylene  primer, 
pigmented  with  lead  chrome 
pigment.  Perchlorovinyl 
enamels  cannot  be  directly 
to  it.  Intermediate  layer 
of  enamel  KhS-73  on  base  of 
copolymer  A-15-0  needs  to  be 
applied 

Zinc-protective  primer  which 
Is  a  mixture  of  67  weight. Z 
zinc  dust  (TsMTU  1229-45)  with] 
33  weight.!  of  paint  brand 
.(hPL  (GOST  7313-55).  Made  at 
sire  of  use:  applied  by  brush 
without  diluting. 


17 


[15-30  mini 


kylol .solvent 


For  primer  coating  steel i 
primer  VL-02  for  primer 
coating  steel  and  dura¬ 
lumin 


30-80 
(when 
ippl led 
jy  brush) 
18-22 
(when 
pplied  by 
boraver) 


0.5 

(at  tem¬ 
perature 
above 
+10*0 


iMlxture  of 
ethyl  and 
butyl  alco¬ 
hols  in  3:1 
ratio 


Only  for  primer  coating 
isteel 


2-3  (at 
18-23*0 


For  primer  coating  steel 
turfaces  working  In  agres- 
sive  atmosphere  of  chemical 
plants 


8 


Protective  primer  of  brend  EP-0S7 
VTU  GIPI-4  1319-66  (suspension 
of  zinc  dust  In  solution  of  epoxv 
resin  E-41  or  E-33)  end  combined 
primer  of  brand  EP-060  VTU  GIPI-4 
1320-66  (suspension  of  zinc 
dust  and  red  lead  in  solution  of 
epoxy  resin  E-41  or  E-33). 
Supplied  in  set  in  form  of  base 
and  hardener  Mo.  3  (501  solution 
of  polyamide  resin  PO-200  in 
xylene).  Before  using,  the  base 
is  mixed  with  hardener  Nc.3  in  a 
calculation  of  100  weight,  parts 
of  base  for  7  weight,  parts  of 
hardener.  The  primers  are 
applied  in  two  layers  with  a  1  h 
interval 

Enamels .  perchlorovinyl  of  brand 
PKhV  of  different  colors  (GOST 
6993-54)--solution  of  perchloro¬ 
vinyl  resin  in  organic  solvents 
with  addition  of  other  resir.a  , 
plasticizers  and  pigments 
Chemically  stable  primer  of  brand 
KhSG-26,  enamels  of  brand  KHSE 
of  different  colors  and  varnish 
of  brand  KhSL  (GOST  7313-55)-- 
solutions  of  perchlorovinyl  resin 
in  mixture  of  solvents  with  ad¬ 
dition  of  pigments  and  plasti¬ 
cizer  (varnish  without  pigments) . 
Primer  KhSG-26  and  varnish  KhSL 
can  be  used  in  integrated 
coating  with  perchlorovinyl 
enamels  of  other  brands 
Chemically  stable  primer  of 
brand  KhS-010,  enamel  of  brand 
KhS-710  and  varnish  of  brand 
KhS-76  (GOST  9355-60) --solutions 
of  resin  SVKh-40  (copolymer  of 
vlnylldene  chloride  with  vinyl 


18-20 

(by 

sprayer) 

Kat 

18-25*0 

75Z  xylene 
25Z  acetone 

For  primer  coating  steel 
surfaces  working  under 
atmospheric  conditions ,  water 
or  aqueous  solutions  of  salts 

Mot  more 
than  20 

Kat 

18-23*0 

l>-4* 

For  painting  pre-orlraered 
setal  surfaces,  for  protection 
from  atmoepheric  corrosion) 

Mo  more 
than  20 

Kat 

18-23*0 

8-4.  In  ad¬ 
dition  , 
mixcure  of 
15Z  xylene. 
15Z  ace¬ 
tone  ,70Z 
toluene 

(n  complex  multilayer  coating 
lor  protection  of  outer  sur¬ 
faces  of  equlpnmnt  and  metal¬ 
ies  igns  from  effect  of  agres- 
slve  gases  and  weak  solutions 
of  acids ,  salts  and  alkalis 

It  temperatures  from  -40  to 
+40*C 

20 

For  pri- 
raer- - 1 ; 
for  ena¬ 
mel—  2i 
for  var¬ 
nish— 3 

8-4 

In  integrated  multilayer 
coating  for  protection  of 
equipment  and  metal  designs 
from  effect  of  solutions  of 
mineral  acids  and  alkalis  at 
temperatures  to  +60*C 
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chloride)  in  mixture  of  organic 
solvent*  with  addition  of  pig¬ 
ment*  (varnish — without  pigment*) 
Enamel .  perchlorovinyl  or  Brand 
KhV-124  and  KhV-125  (GOST  10144- 
62)--»olution  of  perchlorovinyl 
resin  in  mixture  of  organic  sol¬ 
vents  with  addition  of  plasti¬ 
cizers  and  pigments.  Enamel 
KhV-125  supplied  in  set  as  two 
components:  base  and  pigment- - 
aluminum  fine  powder  PAK-3  or 
PAK-4  (COST  5494-50).  Before 
using,  the  base  is  mixed  with  the 
powder:  10  weight  parts  of  pow¬ 

der  are  added  to  100  weight  parts 
of  the  base.  The  enamel  Is 
applied  by  paint  sprayer  only  on 
the  primer 


(at  18- 
23*0 

1  R-4  or 

R-5** 


For  painting  surface  of  metal 
for  protection  from  atmo¬ 
spheric  corrosion 


Composition  of  solvent  R-4  (COST  7827-55):  12Z  butyl  acetate,  26Z  acetone  and  62Z  toluene. 

Composition  of  solvent  R-5  <TU  MKhP  2191-50):  30Z  butyl  acetate ,  30Z  acetcne  and 

40Z  xylene. 
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Enamel  KhS-78  (VTU  KU-509-57)-- 
solution  of  resin  A-15-0  (co¬ 
polymer  chloroviny 1  with  vinyl 
acetate)  in  mixture  of  organic 
solvents  with  addition  of  pig¬ 
ments  and  plasticizers.  Apply 
on  phosphating  primer  brand 
VL-02  or  VI,- 02 2 

Varnish,  bakelite  (GOST  901-56) 
solution  of  resol  resins  in 
ethyl  alcohol.  For  coating , 
varnish  brands  A  and  B  are 
used.  Coating  thermally 
treated  by  special  regime 
Varnish,  ethinol  (TU  1267-57) 
solution  of  polymers  of  ace¬ 
tylene  derivatives  in  xylene 
fraction.  Can  be  applied  at 
temperatures  to  -25*C 
Paints ,  ethinol  of  brand  EKA- 
15  (85-901  ethinol  varnish, 
15-101  aluminum  powder)  , 
EKZhS-40  (60-651  ethinol 
varnish,  60-351  iron  oxide). 
EKSS-50  (50-651  ethinol  var¬ 
nish,  30-551  red  lead) 

Epoxy  primer- spackle  EP-00-10 
(GOST  10277-62)  consists  of 
pigment,  fillers  and  epoxy 
varnish.  Supplied  in  form 
of  two  components;  spackle 
mass  and  hardener  No.  1  (501 
solution  of  hexamethylene- 
dlanine  in  ethyl  alcohol). 
Before  use  the  components  are 
mixed;  for  100  weight  parts 
of  mass,  8.5  weight  parts  of 
hardener  No.  1  are  added. 
Epoxy-polyamide  primer  EG- 4 
(Vru  GIPl-4  196^65) - -solution 
of  epoxy  and  polyamide  resin 
in  mixture  of  solvents ,  with 
addition  of  pigments  and 


25-30 


No  less 
than  13 


No  less 
than  10 


2C-30 


Mat 

19-23*0 

Toluene , 
xylene , 
solvent- 
naphtha 
or  R-4 

For  protection  of  steel  and 
duralumin  from  corrosion 
under  conditions  of  increased 
moisture  content,  as  well  as 
in  fresh  and  sea  water  at 
temperature  to  +40*C 

24-30 
(at  80- 
160*0 

Ethyl 

alcohol 

For  anti-corrosion  coatings 
of  heat-exchange  apparatus 

12(at 

20*0 

Xylene 

For  water-stable  anti-corrosion 
coatings  (unreslatant  to  effect 
of  solar  light) 

10(at 

20*0 

Xylene 

For  water-stable  anti-corrosion 
coatings  (unreslstant  to 
effect  of  solar  light) 

24  (at 
18-20*0 

R-40* 

No. 646** 
Or  ethyl 
cello- 
solves 

For  priming  metal  under  epoxy 
coatings;  tor  anti-corrosion 
coatings .  stable  in  water  and 
alkali  solutions 

4-6  (at 
18-22*0 

R-40 

For  oriming  steel  surface  under 
expoxy  and  epoxy-polvamide 
coatings 

I 


fillers.  Produced  in  form  of 
two  components:  paint  pasta 
EG-4G  and  hardener  No.  2(301 
solution  of  polyamide  resin 
PO-200  in  solvent  R-40).  Before 
use  of  past  it  is  mixed  with 
hardener  :  25  weight  parts  of 

hardener  No.  2  are  added  to  75 
weight  parts  of  paste. 
Epoxy-polvamide  enamel  EP- 140 
(MRTU  6-10-599-66)  — solution  of 
epoxy  and  polyamide  resins  in 
mixture  of  solvents  with  addi¬ 
tion  of  pigments  and  fillers. 
Produced  In  form  of  two  com¬ 
ponents:  base  and  hardener 
tic..  2.  Can  be  applied  on  EG- 4 
primer  and  without  primer 
Enamel  OEP-417-1,  green  (TU 
YaN-21-57)  and  OEP-4173-I  , 
cream  (TU  Yan-22-57) - -produced 
in  farm  of  two  components: 
base  (solution  of  epoxy  resin 
E-41  in  mixture  of  organic 
solvents  with  additions  of  pig¬ 
ments  and  fillers)  and  harden¬ 
er  No.  1.  Before  using,  the 
base  is  mixed  with  hardener 
from  calculation  of  3.5  weight, 
part  of  hardener  per  100 
weight,  part  of  base 

Varnishes,  furyl.  brand  FL-l 
(VTU  P-35-58).  FL-2  (VTU  P-191- 
60)  and  F-10  (VTU  P-186-60)-- 
solutions  of  furyl  resins  in 
mixture  of  ethyl  alcohol  and 
acetone  or  alcohol  and  ethyl 
acetate.  Can  be  strengthened 
by  thermal  treatment  (drying 
in  air--24  h:  at  80-85’C— 
l  h:  at  lOO-llO'C—  1  h.  at 


12-20 

4-6(at 

(from 

18-22-C) 

VZ-1) 

18-22 

2(at 

(at 

1 20°C) 

20“C) 

* 

- 

R-40 


R-40, 


^  ... 


For  protection  of  sratal  designs, 
pipelines  of  apparatus  from  atmo¬ 
spheric  corrosion,  as  well  as  for 
protection  of  apparatus  operating 
in  aqueous  solutions 


The  same 


(For  anticorrosion  coatings  on 
bnetal  (applied  by  special  instruc¬ 
tions  of  Institute  of  Plastics) 


484 


at  110-120*C— 2  h,  at  1*5-150*C 
h)  or  with  half)  of  hardenar 
(81'  phosphoric  acid)  ,  from  cal¬ 
culation  of  2Z  acid  in  relation 
to  dry  residue 

Varnish,  thermally-stable  KO-815 
(GOST  11066-64)--mixture  of  organo- 
silicon  resin  F-9  and  semi¬ 
finished  product  FKh-02  dissolved 
In  toluene  or  xylene.  Before  use, 
it  is  mixed  with  aluminum  powder 
in  quantity  of  6Z  of  varnish  weight 


15 

Drying  regime: 

Toluene , 

1-7  h  at  50*C. 

xylene 

then  1-2  h  at 

150*C 

To  cover  carts  working 
at  temperatures  to 
500'C 


Composition  of  solvent  R-40  (VTU  UKhP  86-59): 
toluene. 


20Z  acetone,  30Z  ethyl  cellosolve,  50Z 


** 

Composition  of  solvent  No.  646  (GOST  5630- SI):  10Z  butyl  acetate,  EZ  ethyl  celloaolve,  7Z 
acetone,  15Z  butyl  alcohol,  10Z  ethyl  alcohol,  50Z  toluene. 


Isol  (GOST  10296-62)  is  a  waterproofing  and  roofing  roll  material. 
It  can  be  used  to  install  waterproofing  layers  in  structural  acid- 
resistant  floors.  It  is  glued  by  bitumen  of  brand  UV  or  bituminous 
pastes . 

Relin  (MRTU  21-10-65)  is  used  to  cover  floors  in  order  to  pro¬ 
tect  them  from  the  effect  of  solutions  of  salts  ,  acids  and  alkali 
agressive  liquids.  It  is  glued  by  pastes  based  on  glue  No.  88-N 
(TU  UT  680-58) . 

(TU  ShU-MKhP -79-56) 

3rizol  A  is  a  new  roll  material.  It  is  stable  in 

diluted  solutions  of  acids,  and  in  salt  solutions.  It  can  be  used 
as  a  waterproofing  layer. 

Polyvinyl  chloride  plastic  compound.  Industry  manufactures  sheet 
plastic  compound  (VTU  MKhP  2024-49)  of  thickness  from  1  to  5  mm.  •  It 
can  be  used  to  line  equipment ,  as  waterproofing  and  for  the  fabrica¬ 
tion  of  gaskets.  It  is  inferior  in  chemical  stability  to  polyvinyl 
chloride  plastic  (because  of  the  use  of  plasticizers).  It  is  resis¬ 
tant  to  diluted  solutions  of  acids  and  alkalis,  to  salt  solutions. 

It  dissolves  in  dichloroethane  and  swells  in  benzene  and  toluene. 

Polyisobutylene  is  resistant  to  solutions  of  acids  and  alkalis , 
but  is  not  resistant  to  the  majority  of  aromatic  solvents  and  oils. 

It  is  broken.down  by  oxidizers  (see  table  III-65) .  The  water  absorp¬ 
tion  is  0-0. 8Z.  Composites  of  polyisobutylene  with  fillers  are  used 
in  anti-corrosion  equipment. 

Polyisobutylene  is  cold  flow.  The-  permissible  compressiing  load 

9 

on  it  does  not  exceed  3  kg-f/cm  .  It  is  welded  by  hot  air  at  150- 
200 8C.  It  is  glued  to  metal  and  concrete  by  special  glues:  to 
metal  by  glue  No.  88-N  (MRTU  38-5-880-66)  and  to  concrete  by  bitumen 
glue  B-12. 

Polyisobutylene  is  manufactured  in  the  form  of  sheets.  It  is 
used  to  line  equipment,  and  for  installation  of  waterproofing.  It 
can  be  used  as  an  independent  material  at  temperatures  from  -30  to 
+608C  ,  and  as  a  sublayer  in  combined  linings  from  -45  to  +80°C. 
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Rubber  (soft)  and  ebonite  are  widely  used  to  rubberize  equipment 
that  is  operating  in  agressive  media.  Soft  rubber  is  also  used  as 
a  gasket  material. 

Rubber  coatings  are  resistant  to  solutions  of  acids,  alkalis  and 
salts  but  are  broken  down  in  oxidizing  media  and  in  the  majority  of 
solvents.  They  have  high  resistance  to  wear,  elasticity,  high 
mechanical  strength.  The  practical  temperature  limit  of  the  use  of 
rubbers  is  from  -20  to  +70°C. 

The  physical  and  mechanical  properties  and  chemical  stability  of 
certain  brands  of  rubbers  and  ebonites  are  presented  in  tables  III-66 
and  III-67 . 

3.  Refractory  and  Thermal- Insulating  Materials 

In  the  majority  of  productions  of  the  nitrogen  industry,  the 
processes  occur  at  high  temperatures ,  therefore  refractory  and  thermal- 
insulating  materials  have  become  popular  in  this  area  for  lining  and 
thermal  insulation  of  the  apparatus. 

All  the  refractory  items  are  divided  into  several  grouos  (accor¬ 
ding  to  GOST  4385-48) . 

The  refractory  materials  are  divided  into  the  following  groups 
according  to  their  chemical  and  mineralogical  composition: 

Chamotte  (fireclay,  fireclay-kaolin)  made  of  refractory  clays 
or  kaolins  with  their  leaning  by  chamotte  (annealed  clay  or  kaolin) 
or  unplastic  clay  rock.  It  contains  30-45Z  A^O-j. 

Ifigh-alumina ,  made  of  minerals  or  artifical  materials  with  high 
content  of  alumina  (such  as  bauxite,  artificial  alumina,  artifical 
and  natural  corundum).  Depending  on  the  A^O^  content,  high-alumina 
items  of  three  classes  are  distinguished:  VG-45,  VG-62,  VG-72 
(content  of  AI2O3  in  percents  must  be  lower  than  the  indicated 
numbers) ; 
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Chromium,  made  of  chromite  and  burnt  magnesite,  often  with  the 
addition  of  alumina.  If  the  charge  contains  over  50 %  chromite,  the 
items  are  called  chrome-magnesite.  With  a  content  of  over  70%  mag¬ 
nesite,  they  are  called  magensite-chrome. 

The  correct  selection  and  efficient  use  of  refractory  items  which 
differ  in  quality,  shape  and  dimensions  guarantee  an  increase  in  the 
mechanical  resistance  and  increase  in  the  interrepair  time  of  the 
thermal  units  ,  as  well  as  the  possibility  of  intensifying  the  pro¬ 
cesses  occurring  in  them. 

Below  is  a  list  of  the  properties  of  the  refractory  materials 
which  define  the  possibility  of  their  use. 

Refractoriness  is  the  capacity  of  the  material  to  preserve  its 

mechanical  properties .  It  is  usually  characterized  by  the  softening 

point  of  the  items  (in  °C) .  Based  on  degree  of  refractoriness  (in  °C) 

the  materials  are  divided  into  three  groups: 

Refractory  1580-1770 

Highly-refractory  1770-2000 

Highest  refractoriness  over  2000 

The  ability  to  withstand  the  effect  of  high  temperatures  and 
compressing  loads  is  characterized  by  the  temperature  at  which  the 
material  begins  to  be  deformed  under  the  influence  of  a  load  of 
2  kg-f/cm2  (196133  n/m2) . 

The  construction  strength  of  the  refractory  items  is  character¬ 
ized  by  ultimate  strengths  during  compression  and  is  expressed  in 
kg-f/cm2  (n/m2) 

The  seeming  porosity  (in  Z)  is  the  ratio  of  the  volume  occupied 
by  the  pores  that  communicate  with  the  atmosphere,  to  the  total 
volume. 

Additional  linear  shrinkage  is  an  irreversible  change  in  the  4 
linear  dimensions  of  the  items  as  a  result  of  their  heating  to  high 


temperatures.  A  considerable  change  in  the  volume  of  the  refrac¬ 
tory  materials  can  result  in  unsoundness  of  the  lining,  its  prema¬ 
ture  destruction  ,etc.  Therefore,  shrinkage  of  the  refractory  items 
must  be  the  minimum.  It  is  expressed  in  percents  of  the  initial 
volume  and  fluctuates  in  limits  of  0-1%. 

Table  III-69  presents  the  basic  properties  of  the  refractory  and 
thermal- insulation  materials. 

For  correct  lining  of  the  refractory  materials ,  it  is  important 
to  take  into  consideration  the  coefficients  of  linear  expansion  of 
the  employed  materials.  Below  are  the  average  values  of  these  coef- 


ficients  (in  10^  deg' 

^ )  in  the 

temperature  interval  20- 1400 °C 

for 

different  refractory  materials: 

Zirconium  dioxide 

9.9-10.2 

High-alumina  light¬ 

Magnesite-chromite 

12 

weight 

4.7 

Chr ome -magne s i t e 

10.4 

Chamotte  classes  A 

High-alumina  refrac¬ 

B 

5.9 

tory  material 

Light-weight 

of  class  VG-72 

6.5 

chamotte  of  brand 

of  class  VG-62 

5.7 

BL-1.0 

5.5- 

of  class  VG-45 

5.5 

5.9 

Foam- chamotte 

5.7- 

5.8 

Ultra  light-weight 

5.7 

Figures  III- 21  and  III- 22  show  the  dependence  of  heat  conducti¬ 
vity  of  the  materials  presented  in  table  III-69  on  temperature. 

Tables  III-70  present  GOST  and  TU  for  refractory  and  thermal- 
insulation  items.  Their  areas  of  application  are  in  the  nitrogen  indu¬ 
stry  as  well  as  the  manufacturing  enterprises  of  refractory  materials 
46-50,54. 

The  described  main  properties  of  refractory  and  thermal- insula- 
tin  materials  and  the  requirements  for  the  conditions  of  their  use 
make  it  possible  to  select  the:  material  and  to  compute  the  neces¬ 
sary  thickness  of  the  equipment  lining. However,  the  quality  and 
performance  capacity  of  the  lining  are  determined  not  only  by  the 
use  of  the  appropriate  refractory  materials  ,  but  also  by  the  care- 
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careful  making  of  the  lining  (including  drying  out  of  the  lining  after 
laying) . 


All  the  seams  of  the  refractory  lining  (j.nner  and  outer)  are 

made  of  refractory  mortars ,  and  when  laid  dry ,  predried  refractory 

powder.  Table  III-71  presents  the  composition,  main  properties  and 

52  53  55 

area  of  application  of  the  refractory  mortars.  ’  * 


Depending  on  the  required  operating  conditions  of  the  equipment , 
the  refractory  lining  is  divided  into  three  categories: 


Category  of  lining 


First 

Second 

Third 


Thickness  of  seam, 
mm ,  no  more _ 


Volume  of  dry  mortar,*  of 
volume  of  lining _ 


TT 

5-6 

8-9 


1 

2 

3 


Designing  and  rating  of  units  made  of  heat-resistant  concrete 
are  done  according  to  "Instructions  for  Manufacture  and  Use  of  Heat- 
Resistant  Concretes"  (Gostroyizda ,  1958)  and  "Temporary  Instructions 
for  Designing  Heat-Resistant  Reinforced  Concrete  Designs"  (Gostroy- 
izdat ,  1957). 


Figure  III-21.  Dependence  of  Heat  Conductivity  of 
Refractory  Materials  on  Temperature  from  Data  of 
Different  Researchers: 


Material 


Curve 

1 

9 


Chamotte 

High-alumina  refractory  material  of 
class  VG-45 

The  same  of  class  VG-62 

The  same  of  class  VG-72 

Zirconium  dioxides  (with  compact  crock) 

Chr ome -magne s i t e 

Magnes i t  e - chr  omi t  e 

High-alumina  light-weight 

Zirconium  dioxide  (grainy  structure) 


0 . 72+0 . 0005t 


1.72-0. 00G38t 
(for  t-200-1000°C) 
2. 56-0. 0007t 
(for  t«300-1000°C) 

1.61-0.0002t 
2 . 51-0. 00078t 
0.564+0. 000066t 


Coefficient  of  heat  conductivity  x,  kcal/(T  x  h  x  deg) 
Temperature ,°C 


o  an 


sob  sot  _  root  tm 
Tk-ntpontyfm'C 


Figure  III- 22.  Dependence  of  Heat- 
Conductivity  of  Thermal -Insulation 
Materials  on  Temperature  from  Data 
of  Different  Researchers 


Coefficient  of  heat  conduc¬ 
tivity  ,  x ,  kcal / (T  x  h  x  deg) 
Temperature ,°C 

Material  x 


Curve 


Diatomic  powder 

( 

Diatomite  of  brand 

600  ( 

Light-weight  chamotte 
of  brand  BL- 0.8  ( 

Foam  chamotte 

( 

Light-weight  chamotte 
of  brand  BL-1.0  ( 

Asbestos  cardboard  ( 

f 

Mineral  wool  ( 

t 

V 

Ultra  lightweight  ( 


0.078+ 

00024t 

0.095+ 

0002t 

0.20+ 

00018t 

0.24+ 

0002t 

0.35+ 

.  0002t 
.135+ 

.  00016t 
.05+ 
000125t 
.08+ 

,  00017t 


4.  Compressors 


56-60 


General  Section 


Compressor  machines  are  designed  to  mix  and  compress  gases  and 
gaa  mixtures.  Piston  and  centrifugal  compressors  have  become  the 
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TABLE  III-69.  MAIN  PROPERTIES  OP  REFRACTORY  AND  THERMAL- INSULATING  MATERIALS 


a  8 

1 

Indicators 

1 

f 

! 

[ 

i 

f 

« 

1 

| 

Density,  kg/m-1 
Refractoriness.  “C 

Temperature  for  begin¬ 
ning  of  deformation  (with 
load  of  2  kg-f /cm  ) ,  ”C 
Ultimate  strength  in  cora- 

8S2t&%j%SASl.  tem¬ 
perature  of  use ,  C 
Seeming  porosity,  Z 
Additional  shrinkage  with 
indicated  temperature  (in 
•C),  Z 
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At  1  kg-f /cm4 
Insulation  contacting  medium  in 


Key:  1 .  Zirconius  dioxide  8. 

2.  Hageniste-chromite 

3.  Chrone-raagneslte  9. 

*.  High-alumina  refractory  10. 

material  of  class  11. 

5.  VG  12. 

6.  High- alumina  refractory  13. 

imylelding  lightweight  14. 

material  IS. 

7.  Ohmsotte  of  class  16. 


-n  apparatus  called ,apenu  noncontacting — closed 
Ua^ieftjfcmsoPte  oflSranils  v  Mineral  umol  of  brt 

10. 


BL-0.8  and  EL-l.O 
Foan  chwette 
Ultra- lightweight  material 
Oiatomite  of  brand  600 
Fill 

Made  cf  chmsotte 
Made  of  lightweight  chmsotte 
Made  of  (ttatcmite 
Asbestos  cardboerd 


Mineral  wool  of  brand  150 
Refractory  materials 
19. .  Thermal  insulation 

20.  Hot  standardized 

21.  Open 

22.  Ooen  and  closed 

23.  Closed 

2 4.  No  leas  than 
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TABLE  III- 70.  AREA  OF  APPLICATION  OF  REFRACTORY  MATERIALS  AND  THERMAL  INSULATION  IN 
NITROGEN  INDUSTRY.  MANUFACTURING  PLANTS  OF  REFRACTORY  MATERIALS 


Refractory  and  Use  in  nitrogen  induatry 
thermal-inau- 
lation  materi- 


Zirconium  dio¬ 
xide 

Magnesite- 

chromite 


Chrome-magne¬ 

site 

High- alumina 
refractory 
material  of 
classes  VG-72 
and  VG-62** 
High-alumina 
refractory 
material  of 
class  VC-45 
High-alumina 
refractory 
lighc-woight 
Chamotte : 
class  A 


class  C 
Light-weight 
chamotte  of 
brands  BL-0.8 
and  8L- 1 . 0 
Foam- chamotte 
ultra  light¬ 
weight 

Ciatomlte  hran 
500 


First  row  of  lining  of  converter  for  high- 
temperature  conversion  of  methane 
First  row  of  lining  of  converter  for  high- 
temperature  conversion  of  methane  and  heating 
chamber  in  section  of  mechane  conversion 

First  row  of  lining  of  heating  chamber  In 
section  of  methane  conversion 

First  row  of  lining  of  converters  for  cataly¬ 
tic  conversion  of  mechane,  preheaters  (lower 
part)  ,  gas  generators!  second  row  of  lining 
of  converter  for  high- temperature  conversion 
of  methane 

In  number  of  cases,  subsitute  for  high-alumina 
refractory  materials  of  classes  VG-72  and  VG-62 


Third  row  of  lining  of  converter  of  high- 
temperature  methane  conversion 

First  row  of  lining  of  moisteneri  second  row 
of  lining  of  heating  chamber!  lining  of  pipe¬ 
lines 

Subsitute  of  chamotte  cla«a  A  for  lining 
raoistener  and  olpelines 
Not  used 

Second  row  of  lining  of  converter*  of  high- 
temperature  conversion  of  methane,  moisteneri 
first  row  of  lining  of  heating  collector 

Substitutes  of  light-weight  chamotte  brand 
BL-0.8  and  EL-1.0 

Lining  of  preheaters,  pipelines 


Certain 

manufacturing 

plants 


Experimental 

UNIIO  plant 

Izhorskly 

"Magnesite 

Panteleymonovka 

Chaaov-Yar 

"Magnesite 

Panteleymonovka 

Chasov-Yar 

Semiluki  ,  Po- 


7  eq 

ChMTU  5129-55 
and  10204-57 


0ST  5381-50 


iRTU  14-06- 


dol’sk,  Chasov-  03-14-62 


Chasov-Yar,  Po-  MRT'J  14-19-20-66 

dol'sk.  Snegi- 

revka 

Semiluki .Chaaov- 30ST  390-54 
Yar  plants!  BorcSOST  3691-58 
vlchi  kombinat 


Snegirevka  , 
Chasov-Yar 


COST  5040-58 
COST  8691-58 


Podol’sk.  Snegi- JOST  5040-58 
revka  .  Chasov-  30ST  8691-58 
Yar 

50ST  2694-52 
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Fill.- 

of  chamotte  In  methane  converters 
of  light-weight  lot  used 
chamotte 


of  dlatomlte  In  preheaters,  molsteners 

Asbestos  card-  In  all  lined  apparatus  and  oinelines 

board 


Mineral  wool  of  To  insulate  covers  of  certain  apparatus 
brand  150  »nd  insulate  pipelines  of  complex  con¬ 

figuration 

* 

Only  experimental  batches  made. 

** 


GOST  2850-58 
GOST  '<640-66 


For  methane  converters 
content  no  less  then  981 


In  new  units.  High-alumina  refractory  material  is  used  with  *1,0, 
(according  to  MRTO  14-06-25-63).  1  i 


TABLE  III-71.  CHARACTERISTICS  OF  REFRACTORY  MORTARS 


indicators 

High -alumina 

Chamotte 

Chrome-mag- 

mortars 

of  fine 

mortars  of 

nesite  mixture 

grinding 

fine  grinding 

(ChMTU  o  cq> 
UNIIO 

(GOST  6] 

.37-61)  _ 

(GOST  6137-61)1 

brand 

brand 

brand 

brand 

VT-1 

VT-2 

ShT-1 

ShT-9 

Refractoriness ,°C 

Oxide  content ,  weight  % 

1800 

1750 

1730 

1690 

2000 

Al^02+Ti02 

60 

45 

38 

33 

33 

Cr  20  ^ 

Raw  composition ,  wgt.% 

80 

-85 

— 

22 

leaning  additive 

80-8 

5 

plastic  refractory  clay 

20 

-15 

20-] 

.5 

ground  chromite  ore 

— 

- 

70 

magnesite  powder 

— 

- 

30 

Granulometric  composi¬ 
tion  .weight. % 
passes  through  sieve 

No.  1 

100 

100 

• 

No.  05,  no  less 

95 

95 

- 

No.  009,  no  less 

60 

60 

- 

No.  009,  no  more 

85 

85 

- 

fraction  1-2  mm,  no  more 

- 

10-15 

fraction  0.088  mm,  no  less 
Approximate  quantity  of 

— 

- 

35-50 

water  for  preparation  of 
mortar ,  1  per  1  in  of  dry 

mixture 

!  500 

|  600 

- 

bade  of  high- 
alumina  refrac¬ 
tory  materials 


made  of  chamotte  made  of 


foam  chamotte  , 
ultra  light¬ 
weight  ,  diato- 
mite 


chrome- 
magnesite 
and  mag¬ 
nesite- 
chromite 


the  most  popular  in  the  nitrogen  industry. 


In  selecting  the  compressor,  one  should  take  into  account  the 
presence  of  admixtures  in  the  compressible  gas  in  order  to  determine 
the  permissible  duration  of  operation  of  the  machine.  For  example, 
with  considerable  (over  0.02Z)  content  in  the  compressible  gas  of 
hydrogen  sulfide ,  the  valves  of  the  piston  machine  rapidly  malfunc¬ 
tion  or  the  rotary  blades  of  the  centrifugal  machine.  The  high 

3 

content  of  benzene  (over  2  g/m  )  causes  a  disruption  in  the  lubrica¬ 
tion  of  the  piston  machine  (as  a  consequence  of  the  thinning  of  the 


4  94 


grease)*  the  unsaturated  hydrocarbons  contained  in  the  gas  when 

deposited  on  the  walls  of  the  cylinder  or  the  moving  parts  of  the 

machine  nay  break  down  with  ignition  aid  explosion;  the  content  in  the 

3 

gas  of  over  5  mg/m  of  dust  or  other  mechanical  admixtures  (carbon 
black,  naphthalene,  resins,  etc.)  results  in  rapid  wear  of  the  main 
machine  assemblies,  etc. 

In  order  to  maintain  the  compressors  in  good  working  condition, 
preventive  maintenance  is  performed  (maintenance ,  average  repairs  and 
maj  or  overhaul ) . 

In  maintenance,  individual  assemblies  of  the  compressor  are 
checked,  interaction  of  the  components  of  each  part,  in  particular, 
the  fastening  assemblies  and  those  exposed  to  the  effect  of  sign- 
variable  loads  (crank  bolts,  sockets,  dowels,  etc.)*  gaps  and 
clearances  of  the  controllable  parts  (bushings  of  bearings,  keys, 
tightening  bushings,  etc.),  packings  of  gaskets,  tightness  of  the 
fittings,  valves,  condition  of  the  electrical  contacts,  etc. 

Small  rapidly  worn  out  parts  are  replaced,-  the  working  surfaces 
are  cleaned  and  polished;  the  valves  are  set  or  replaced;  the  gasket 
packings  are  replaced;  the  washers  are  replaced;  the  fastening  parts 
are  tightened;  the  lubricating  and  cooling  systems  are  cleaned-, 
and  the  accuracy  and  quality  of  assembly  of  the  unit  are  checked. 

In  average  repairs  ,  individual  large  assemblies  of  the  compres¬ 
sor  are  checked  with  replacement  of  some  of  the  parts.  In  this  case, 
the  bearings  are  resealed;  the  washers  are  replaced,  the  gaskets  and 
the  fastening  parts  are  packed;  the  pistons  are  bored  out,  as  well 
as  the  seats  and  valves  with  subsequent  setting;  the  piston  rings 
are  changed;  the  interstage  apparatus  is  examined  at  set  times  and 
protective  anticorrosion  coatings  and  linings  are  made; the  insulation 
is  repaired,  etc. 

Major  overhaul  is  restorative  repair  of  the  entire  compressor 
unit.  In  this  case  all  the  basic  parts  of  the  compressor  may  be 
completely  (or  partially)  disassembled  and  sent  to  the  specialized 
repair  base  or  plant.  This  work  includes  complete  dismantling  of  the 
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entire  unit,  replacement  of  the  parts  or  whole  assemblies,  verifica¬ 
tion  of  the  operation  of  all  mechanisms ,  and  assembly  of  the  com¬ 
pressor.  All  the  wom-cut  carts  are  repaired  cr  replaced  with  new 
ones;  the  coaxial  alignment  of  the  parts  is  checked  and  the  working 
plantes  are  treated;  the  banks,  crankshaft  and  other  machine  parts 
are  checked  and  centered. 

After  major  overhaul, the  output  of  the  machine  must  be  the 
original  and  the  entire  unit  must  operate  normally  with  a  high 
efficiency. 

Halting  of  the  compressors  for  repair,  runs  between  repairs  and 
coefficients  of  machine  use  are  normed  according  to  the  indicators 
which  have  been  attained  at  the  leading  enterprises  of  the  nitrogen 
industry  (table  III-72) . 


TABLE  III-72.  RUNNING  AND  IDLE  TIME  OF  CERTAIN  PISTON  MULTISTAGE 
COMPRESSORS  ACCORDING  TO  NORMS  OF  LEADING  ENTERPRISES  OF  NITROGEN 
INDUSTRY  FOR  1965-1966 


Characteristics Running  time  be- 
of  compressor  tween  repairs  h 

major  [average  maintjmajor 


Gas  six-stage 


IG-266/320  and 


2ShLK-1420 


Nitrogen-hydro 
gen  four-stage 
3G-83-10/320 


Nitrogen  five-  |Q*3000 ,  P 
s 


Q-8500 
P,  -13 


25 ,920|  4320  1440  720 


25  ,9201  4320 
25 ,920|  - 


2160  1336*  60* 

480  60 


5,920|  4320  2160  432 


5 ,920|  4320  2160  360 


Gas  circula 


drive 


Q-360-630 


(for  suction) 


3,200|  2880  |1440  |288 


0.932 


0.967* 


0.972 


0.969 


0.968 


48  0.975 


Notes:  1.  Thd  numbers  indicated  by  an  asterisk  refer  to  old,  better 
developed  machines.  2 

2.  Q--output  of  compressor  (in  nr/h);  Pu  and  P. --respectively 
the  beginning  and  final  gage  pressure  of  the  gas“(in  atm.). 


It  should  be  noted  that  recently  large  compressors  have  been 
made  on  new,  so-called  opposite  bases.  These  are  horizontal  piston 
multiple-cylinder  compressors  with  counter  movement  of  the  pistons 
("boxer"  compressors).  The  flowsheet  of  these  machines  consists 
of  the  fact  that  the  multiple  crankshaft  is  placed  on  the  crankshaft 
bearings  of  the  opposite  frame.  Cylinders  are  attached  to  both 
sides  of  it.  Thus,  during  rotation  of  the  shaft,  the  pistons  either 
move  toward  each  other,  or  are  separated  from  each  other,  at  the  same 
time  almost  completely  balancing  the  developing  inertia  forces.  These 
compressors  are  fast ,  compact ,  have  lower  weight  and  do  not  require 
construction  of  a  cumbersome  foundation.  They  should  be  given  pre¬ 
ference  when  selecting  machines.  The  maximum  output  of  the  piston 
multiple-stage  opposite  high-pressure  compressors  with  electric  drive 
is  up  to  40,000-60,000  m  /h.  The  standards  for  running  and  the  coef¬ 
ficients  of  use  of  these  machines  are  set  based  on  the  accumulated 
experience  of  operation. 

Piston  Compressors 

Working  Process  of  Compressor 

In  examining  the  active  (working)  process  of  the  piston  compres¬ 
sor  ,  we  take  into  consideration  all  those  phenomena  whose  influence 
is  excluded  in  the  theoretical  process. 


Figure  III-23.  Effect  of  Harmful  Space  on  Output 
of  Compressor 


The  presence  of  harmful  space  is  inevitable  in  piston  compres¬ 
sors.  It  is  3-12Z  (and  sometimes  even  more)  of  the  volume  described 
by  the  piston. 

The  diagram  (fig.  III-23)  shews  the  effect  of  harmful  space. 

The  gas  remaining  in  the  harmful  space  at  pressure  ?2  is 


expanded  when  the  piston  reverses  on  line  da;  consequently,  the 
fresh  gas  will  begin  to  enter  only  from  point  a  with  suction  pressure 
p^.  Thus,  the  volume  described  by  the  piston  '■>  is  net  completely 
used,  but  only  on  line  ab  (quantity  v  ) .  Complete  operation  of 
the  compressor  is  determined  in  this  case  by  the  area  abed. 


The  ratio  of  the  volume  of  gas  sucked  in  one  piston  stroke  to  the 
volume  that  is  circumscribed  by  the  piston  is  called  the  volume 


efficiency  of  the  compressor  X 


06" 


JW  — 


The  sizes  of  the  segments  \>  ^  and  can  be  taken  from  the 

uC  on 

indicator  diagram  which  is  removed  from  the  active  machine  or  a  con¬ 
structed  one  during  the  designing. 


The  ratio  of  the  volume  of  harmful  soace  v  to  the  volume  that 

*  B? 

is  described  by  the  piston  v^is  expressed  by  the  quantity  of  relative 
harmful  space  e: 


e= 


pf. 


i 


By  knowing  the  initial  p^,  ,  final  ?2  pressures  ,  the  quantity  of 
relative  harmful  space  and  the  specific  volumes  of  gases  before  ex¬ 
pansion  and  after  it  \>2  *  one  can  determine  the  volume  efficiency 
of  the  compressor  x^  ,  depending  on  these  quantities: 

<m’tf 

for  isothermic  compression 

**.  =  !-«  (jj-l)  (HI-2) 

for  adiabatic 

[(£)■'*-<]  <nM> 

for  polytropic 

V*. —  (MM) 


In  practice,  the  polytropic  curve  index  is  m»1.2-l.A. 


It  is  apparent  from  equations  (III-l)- (III- 4)  that  the  larger 
the  harmful  space  and  the  degree  of  compression  t»  £2__ ,  the  lower 

the  volume  efficiency  of  the  compressor.  It  is  usually  assumed  to 
be  no  less  than  0.7. 

If  the  final  pressure  in  the  cylinder  is  increased,  then  the 
volume  efficiency  will  be  reduced,  and  a  moment  can  occur  when  it 
becomes  equal  to  zero.  The  output  of  the  compressor  in  this  case  will 
also  equal  zero.  From  equation  (III- 4)  with  =0  we  obtain  the 
limit  quantity  of  the  degree  of  compression  in  one  stage: 

t  =  —  =*  (--f  0"  (II  I-5> 

If  we  assume  that  the  volume  efficiency  is  0.7,  then  the  limit 
degree  of  compression  equals: 

The  dependence  of  the  limit  degree  of  compression  on  the  tempera¬ 
ture  for  the  end  of  compression  is  expressed  by  the  equation: 

(iu-6> 

The  final  temperatures  of  compression  must  not  exceed  160-170°C 
since  at  higher  temperatures  ,  the  grease  begins  to  break  down  with 
the  release  of  volatile  substances.  This  results  in  the  appearance 
of  carbon  deposits  ,  disruption  in  the  operation  of  the  valves  and 
threat  of  formation  of  an  explosive  mixture. 

Effect  of  resistance  in  the  suction  pipeline  and  compressor 
valves.  If  significant  resistance  to  the  flow  of  gas  is  created  in 
the  suction  line  (because  of  Insufficient  section  of  the  suction 
pipeline ,  the  presence  of  separating  or  filtering  apparatus  ,  large 
number  of  fittings,  etc.),  then  the  pressure  of  suction  can  be  set 
lower  than  atmospheric,  i.e.  ,  a  vaccum  is  formed  in  the  compressor 
cylinder  which  results  in  reduction  in  volumetric  efficiency.  Resis¬ 
tance  to  gas  flow  in  the  compressor  valves  also  leads  to  the  same 
results . 
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The  effect  of  resistance  on  the  output  of  the  compressor  is 
taken  into  consideration  by  the  so-called  coefficient  of  throttling 
>  .  The  quantity  usually  fluctuates  in  limits  of  0.95-0.98.  It 
can  be  >1  with  pressurization. 

Effect  of  gas  preheating .  The  temperature  of  the  suctioned  gas 
is  increased  as  a  consequence  of  its  mixing  with  the  gas  that  remains 
in  the  harmful  space  of  the  cylinder ,  as  well  as  as  a  result  of  its 
contact  with  hot  parts  of  the  cylinder.  Consequently,  the  output  of 
the  compressor  in  this  case  will  be  reduced  by  the  quantity  At  which 
is  called  the  coefficient  of  preheating. 

The  value  A£  practically  fluctuates  in  limits  of  0.98-0.99. 

The  effect  of  gas  leaks  is  taken  into  consideration  by  the  coef¬ 
ficient  of  hermetic  sealing  Ar .  Its  quantity  is  adopted  in  the 
interval  of  0.95-0.98. 

External  leaks  develop  as  a  consequence  of  the  poor  assembly  of 
the  gaskets;  in  the  safety  valves  installed  at  each  stage  of  the 
compressor;  in  the  interstage  coolers;  with  periodic  blowing  through 
of  the  oil-separators,  etc. 

Internal  gas  leaks  occur  in  the  valves,  in  the  piston  rings, etc. 

Coefficient  of  supply  and  output  of  the  compressor.  The  ratio 
of  the  volume  of  the  gas  that  is  actually  fed  to  the  pressure  line 
(v^)  to  the  volume  described  by  the  piston  (vQn)  is  called  the 
coefficient  of  supply  X; 


The  actual  output  of  the  compressor  is  determined  from  the  equation 

where  i — number  of  sides  of  effect  of  cylinder  (one  or  two) ; 

2 

F — working  area  of  piston ,  m  ; 
s — piston  stroke,  m; 

n — rate  of  rotation  of  shaft  of  compressor,  rpm. 
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The  coefficient  of  supply  >.  is  smaller  than  the  volumetric 
efficiency  (x^)  since  its  determination  takes  into  consideration 
all  the  main  losses  of  the  compressor  which  are  not  reflected  by 
the  indicator  diagram  (and  consequently,  the  volumetric  efficiency). 
In  order  to  evaluate  these  losses  ,  the  coefficient  of  effectiveness 
of  suction  is  introduced  which  takes  into  account  the  effect  of 
all  the  losses  of  the  basic  factors  on  the  compressor  productivity. 
Then  the  coefficient  of  supply 

x=x««.<y. 


The  coefficient  of  effectiveness  of  suction  can  be  expressed  by 
the  product  of  the  coefficients: 

Thus ,  the  coefficient  of  supply  equals : 

For  approximate  determination  of  the  quantity  ,  either  graphs 
constructed  from  experimental  data  are  used,  or  an  empirical  formula 
for  one- stage  compression: 

<*=-1.0!  — 0.022* 

where  ~ =p9 /p^--degree  of  compression. 

Indicator  Diagram 

Using  the  indicator  diagram  taken  by  a  special  instrument 
(indicator)  from  the  active  compressor,  one  can  determine  the  average 
indicator  pressure  from  the  formula.' 

?•«.=•  TST  kg-f/cm2 


Figure  III-24.  Indicator  Diagram  of 
Compressor 


\ 


V 


r 


where  f--area  of  indicator  diagram  (determined,  for  example,  with 

9 

the  help  of  a  planimeter) ,cn  ; 

l--length  of  abscissa  corresponding  to  the  piston  stroke,  cm; 
M — scale  of  pressures  of  spring  of  indicator  (given  in  certi¬ 
ficate  of  instrument) . 


If  the  indicator  area  f  is  replaced  by  an  equally  large  area  of 
a  rectangle  with  base  1 ,  then  height  h  in  a  definite  scale  will  equal 
the  average  indicator  pressure  PWMfl(fig.  III-24). 

The  area  of  the  indicator  diagram  in  a  certain  scale  is  numeri¬ 
cally  equal  to  the  work  of  the  compressor  that  is  completed 
in  one  rotation  of  the  crankshaft  relative  to  a  unit  of  area  of  the 
piston.  In  the  case  of  cylinders  of  double  action,  the  computations 
are  made  for  each  side.  The  obtained  quantities  are  added. 


The  indicator  power  for  the  compressor  of  simple  (one-sided) 
action  is  determined  according  to  the  formula: 


60-102 


kW 


2 

where  PMRa --average  indicator  pressure  (from  the  diagram),  kg-f/cm  ; 
F — area  of  piston  section,  cm^; 
s--piston  stroke ,  m; 

n — rotation  rate  of  compressor  crankshaft ,  rpm. 


In  designing ,  the  rated  indicator  power  of  the  compressor  can  be 
defined  as  follows : 


""*•  60-102 


=  1.634-—^, 


where  La_ — work  of  adiabatic  compression,  kg-f  x  m; 
k-- index  of  adiabatic  curve; 

Pj--pressure  in  cylinder  at  end  of  suction,  atm; 

V, --volume  suctioned  in  1  min.  with  pressure  and  temperature  at 
end  of  suction,  m  ; 

t --degree  of  compression. 
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Efficiency 


The  isothermic  efficiency  is  the  ratio  of  the  amount  of  work 
or  output  which  is  determined  for  the  isothermic  compression  to  their 
values  found  from  the  indicator  diagram: 


The  isothermic  efficiency  is  the  indicator  of  thermal  efficiency  of 
the  compressor.  It  does  not  take  int^  consideration  the  losses  for 
friction  and  depends  an  a  number  of  different  factors.  The  maximum 
value  of  n  .for  the  piston  machines  reaches  0.68. 

The  adiabatic  efficiency  characterizes  the  work  of  the 
compressors  without  cooling 

“  W  ~  AW 

The  quantity  is  usually  0.93-0.97. 

The  mechanical  efficiency  r,  is  the  ratio  of  indicator  power 

incx  • 

to  power  .expended  on  the  compressor  shaft: 

v.„. 

W - j jT- 


Then 


The  power  spent  to  overcome  friction  equals: 

Nwm*. 


With  direct  drive  (the  engine  is  seated  on  the  compressor  crank 
shaft),  the  quantity  nma_  is  0.8-0.96. 

hiCA 

The  total  or  complete  isothermic  efficiency  equals: 


In.  a.  * 
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The  complete  efficiency  of  the  compressor  with  regard  for  the 
efficiency  of  the  engine  and  the  drive  (reducer  or  belt  textrope  or 
other  transmission)  equals: 


The  complete  efficiency  of  modem  compressors  lies  in  broad  limits: 

n«  =  0,45— 0.62 

Multiple-Stage  Compression 

In  order  to  guarantee  the  normal  process  of  compression  of 
gas  to  the  required  amount ,  multiple-stage  compressors  are  used  since 
the  process  in  one  stage  is  restricted  by  the  limiting  degrees  of 
compression  and  the  limiting  temperatures  [equations  (III-5)  and 
(III-6) 1 . 

Figure  III- 25  presents  the  theoretical  diagram  of  three- stage 
compression.  Compression  in  the  first  stage  occurs  according  to  the 
adiabatic  curve  BC  to  intermediate  pressure  P^.  The  gas  is  further 
cooled  in  the  interstage  cooler  of  the  first  stage  to  the  initial 
temperature  according  to  the  isobar  CB'  and  is  compressed  in  the 
second  stage  according  to  the  adiabatic  curve  B'C'  ,  etc.  At  each 
stage ,  during  cooling ,  the  point  for  the  beginning  of  compression  is 
returned  to  the  isotherm  BE.  Consequently,  the  line  is  shifted 
towards  the  isotherm,  i.e.,  passes  with  the  greatest  efficiency. 

Since  multiple- stage  compression  is  a  set  of  single-stage  processes, 
its  operation  is  equal  to  the  sum  of  operations  of  the  single-stage 
cycles.  The  hatched  area  expresses  the  advantage  in  the  operation 
with  three- stage  compression  as  compared  to  one- stage. 

With  a  rise  in  the  number  of  stages  ,  the  design  of  the  compressor 

is  complicated,  therefore,  in  orac trice  ,  for  a  different  number  of 

2 

stages,  the  following  pressures  are  adopted  (in  kg-f/cm  ): 


Number  of 
stages 

Pressure 

Number  of 
stages 

Pressure 

1 

to  7 

5 

150-1000 

2 

5-30 

6 

200-1100 

3 

13-150 

7 

450  1100 

4 

35-400 

Figure  III-25.  Diagram  of  Three-stage 
Compression  of  Gas 


If  we  assume  the  same  degree  of  compression  t  for  each  stage, 
with  z  stages  of  compression  it  equals: 


where  P-^  and  Pz~-initial  and  final  pressure  of  gas,  atm. 


With  the  same  degrees  of  compression  in  all  stages  and  complete 
cooling  between  the  stages  ,  the  theoretical  operation  of  the  com¬ 
pressor  and  the  temperature  at  the  end  of  compression  can  be  com¬ 
puted  according  to  the  following  equations: 

"  -l]  kg-£  x  m 

r-r>{£)~’K 


In  actuality,  the  degrees  of  compression  in  the  multistage 
compressor  are  not  the  same  and  are  usually  greater  than  the 
theoretical ,  since  they  take  into  consideration  the  pressures  be¬ 
tween  the  stages.  If  we  designate  through  the  coefficient  which 
takes  into  consideration  these  losses  ,  then  the  actual  amount  of  the 
degree  of  compression  equals: 
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From  here  the  actual  number  of  stages  of  compression  will  be: 


Pi 


ig  t— ig  'p 


In  determining  the  necessary  number  of  stages  of  compression  : 
using  this  equation,  the  quantities  t  and  v  are  assigned.  In  prac¬ 
tice  they  are: 


t  =  2,5  — 3.5  *  =  1.1—1.25 

For  better  use  of  the  volumes  of  the  cylinders  ,  we  assume 

Vt  v3  +  ■  ■  •  -r  V. 

where  ,  V2  ,  . Vz--volumes  of  cylinders  respectively  1,2,  3,... 

of  the  z-th  stage  of  the  compressor. 

With  the  same  piston  stroke  for  all  cylinders  ,  their  diameters 
correspondingly  equal: 

d,=3-=«- 

y  -  .  y^  •  V  t 

The  actual  working  process  of  tho  interstage  compression  devi¬ 
ates  from  the  theoretical  as  a  consequence  of  the  effect  of  the 
reducing  compressibility  of  the  real  gases.  If  the  gas  or  the  gas 
mixture  is  compressed  to  pressure  above  75  atm.  ,  the  coefficient  of 
compressibility  3  is  introduced  into  the  characteristic  equation: 

j>y=rpRr 

The  adiabatic  work  of  compression  for  the  z-stage  cycle  with 
regard  for  the  coefficient  of  compressibility  equals: 


*  n/k* 


This  aquation  can  be  transformed  as  follows: 

l».  ^ ’■  ^ ^  (t^ -  1)  -P.-Pi  ]  kg-f  X  m/kg 
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where  v--specific  volume  of  gas; 

and  P2“-special  coefficients  of  compressibility  respectively 
with  pressure  of  suction  of  first  stage  and  presssure  of  injection 
of  z-th  stage  (8  and  p  are  linked  by  the  following  ratio:  8=px273/T). 

The  volumetric  efficiency  for  real  gas  in  multiple- stage  com¬ 
pression  to  high  pressures  is  determined  from  the  equation 

while  the  coefficient  of  supply  from  the  equation: 

X=[l-e  (Tl/t||-)]  (t'01 -0.022T) 

The  power  on  the  compressor  shaft  Na  with  actual  volume  of  the 
gas  fed  by  the  compressor  is  determined  by  the  equation: 

iy,=  - kg-f  x  m/kg 

3bU0- t02wiM.*l»x.  ° 

where  v- -specific  volume  of  gas  with  temperature  and  pressure  of 
suction. 

In  multiple-stage  compressors  and  multiple-stage  cooling,  the 
operation  of  the  compressor  depends  not  only  on  the  temperature  of 
the  compressed  gas,  but  on  the  temperature  of  the  cooling  water: 

2,303 kg-f  x  m/kg 

where  p6c  ^ --initial  pressure  of  gas  in  suction  line  of  first  stage, 
kg-f /m^; 

3 

^--specific  volume  of  gas  before  first  stage,  m  /kg; 
tBOJX "temperature  of  cooling  water, °C; 
tK  and  TQ^--temperature  of  gas  at  suction  of  first  stage,  respec¬ 
tively  in  °C  and  °K; 

2 

P2--pressure  of  injection  of  first  stage,  kg-f/m  ; 


P^.-pressure  of  injection  of  z-stage,  kg-f/m  . 


The  isothermic  power  of  the  z-th  stage  of  the  compressor  is 
determined  from  the  equation: 


10*  I  PK.iVu  I  To  I 


r0i  31KJ0  ■  103  Pm, 


lXT  (m  -230il*Trr.+p’- P— )kw 


where  T  ---temperature  of  cooling  water,  °K; 

V,  ^output  of  z-th  stage  under  conditions  of  suction  of 

iz  o 

first  stage ,  m  /h; 

2 

P^--final  pressure  after  z-th  stage,  kg^f/cm  ; 


e>q .  z 

kg-f /cm" ; 


--pressure  of  gas  in  interstage  cooler  before 


z-th  stage, 


ec 


^--special  coefficient  of  compressibility  with  pressure  of 


8C  •  1  ’ 


p„--the  same  with  pressure  of  P2; 

p  --the  same  with  Dressure  of  P  „ 
6C.Z  1  0C-  2 


The  coefficients  of  compressibility  B  and  their  special  values 
p  are  defined  in  broad  limits  of  pressures  and  temperatures  for  the 
majority  of  gases  and  gas  mixtures  used  in  equipment  (see  vol.  1  of 
Reference  Book  for  the  Gas  Industry  Worker). 


Below  are  the  empirical  formulas  for  determining  the  special 
coefficients  of  compressibility  of  certain  gases  in  pressure  inter¬ 
vals  from  100  to  1000  atm.  and  temperatures  from  20  to  200°C: 


Gas 

Equation 

Nitrogen 

P-0S01+  1.244-^+0.433  — 

Hydrogen 

P  =  0.990  +  0.721 +0.376^ 

Carbon  monoxide 

p=0.757+ 1.298  ^+0-434  m 

Nitrogen-hydrogen  mixture 

p= 0.973+  0318  +  0381  ~ 

The  same  for  500 °C 

p— 0.969+0362  +0374  ^ 

Air 

p= 0.767 +1.207-^  +  0.432  -^ 

The  isothermic  efficiency  ->f  the  multiple-stage  compressor 
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can  be  defined  as  the  ratio  of  work  of  isothermic  compression  Lu,  to 
the  sum  of  indicator  works  of  all  stages  or  the  ratio  of  the  power 
in  isothermic  compression  to  the  sum  of  the  indicator  powers: 


£*u.i +£«•«.  f  +  •  •  •  +W*  i  +  .  .  .  rA’m.1 

Below  are  the  nomograms  to  determine  the  parameters  of  the  piston 
compressors  and  the  examples  of  using  them. 

1.  The  volume  V£  of  gas  compressed  to  pressure  P2  with  regard 
for  the  coefficients  of  compressibility  3  with  assigned  temperatures 
is  determined  with  the  help  of  a  nomogram  (fig.  Ill- 26)  constructed 
from  the  condition  that  the  equation  PV=BRT  is  correct  for  real  gas, 
i.e.  , 


II  p*  Z* 
r,  "  IT  Tt 

From  here  y,=  y, 


PiT$t 

PtTtfo 


ft 

Pi 


2  3 

Here  P^(kg-f/cm  ) ,  Vj  (m  )  and  ( °K) --respectively  the  pressure 
in  suction  (absolute)  ,  actual  volume  of  compressed  gas ,  and  its 
beginning  temperature; 

P2  ,V2  an<*  T2 — Pressure  at  end  of  compression,  volume  and 
temperature  of  compressed  gas; 

B^  and  B2--coef f icients  of  compressibility  for  initial  and 
final  conditions  (can  be  found  with  the  help  of  curves  in  fig.  III-26). 


3 

Example.  Dry  air  in  a  quantity  of  ^*8570  m  with  initial 
absolute  pressure  P^-1.033  atm.  and  initial  temperature  t1“0°C  (T^- 
273°K)  is  compressed  to  ?2*346  atm.  and  t2*25°C  (T2*298°K) . 


From  the  nomogram  we  find  for  air  the  value  8j*1.0  and  62*1.15. 
Consequently , 

,,  _ _  1.033  298  115  . 

K,==857°-34T'  273  -uT  32'1 
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2.  In  order  to  determine  the  isothermic  power,  the  nomogram  is  used 
for  real  gases  presented  in  fig.  III-27. 


The  isothermic  power  in  this  case  is  determined  from  the  equation 

=  0.738  •  0.0852  []*  A  4  (C.  -  C.)]  kW 

The  effective  power  on  the  shaft  of  the  compressor  equals: 

y  _  __  Ar«»,  __  _ J. _ 

n«r  (.  n»i.  if  Vi.i1ri.  hi. 

2 

Here  P_  and  P  --absolute  oressure  in  atm.  (kg-f/cm  )  respectively 
in  beginning  and  end  of  compression; 

Cg  and  (^--coefficients  defined  from  the  nomogram  (fig.  III-27) 
for  pressure  in  the  beginning  and  end  of  compression  (P&and  P  )  with 
temperature  T^ ; 

Nuna-- indicator  effective  power  on  shaft  of  compressor,  kw; 
nmex’  n«o34».  and  nnv.AHS. — efficiency  of  compressor  (respectively 
mechanical,  effective  isothermic  and  indicator  isothermic). 


Figure  III-26.  Nomogram  to 
Determine  Coefficient  of  Com¬ 
pressibility  6  of  Real  Gases 
(for  Calculation  of  Volume  of 
Compressed  Gas). 

Key: 

1 .  Hydrogen 

2 .  Nitrogen 

3.  Air 

4.  Methane, 

5.  kg-f/cmz 


Figure  III-27.  Nomogram  to 
Determine  Coefficient  C  (for 
Calculation  of  Power  of  Iso¬ 
thermic  Compression) 

Key: 

1 .  Hydrogen 

2.  Nitrogen 

3.  Air 

4 .  Methane, 

5.  kg-f/cnr 


Example.  Determine  the  oower  of  the  comoressor  necessary  for 
isothermic  compression  of  dry  air  if  V^=10,000  m  /h ,  P1  (absolute)** 

1  atm.  ,  T=25°Cj  the  coefficient  of  compressibility  with  P-^  and  T^ 
equals  1.0;  P=346  atm,  Pe=90Q  atm. 

0.001 

After  determining  from  the  nomogram  the  quantity  C  =&zQ.7  and  C 

a  6 

0.175,  we  obtain: 

N,u~  0.730  -0-0852  [lg  Jg  +(0.175  -  0.007)]  =366  kW 

If  we  assume  that  ^  =0.65;  nmex=0. 91  and  n M ^*,=0. 714  , 
then  N^  =563  kW ,  N  WMlli  =511  kW.  The  C  values  for  calculation  of 
the  isothermic  power  during  compression  of  certain  gases  can  also  be 
taken  from  table  III-73. 

3,  With  the  help  of  the  nomogram  illustrated  in  fig.  III-28, 
the  final  temperature  of  compression  t2  is  determined  for  different 
indicators  of  the  polytropic  curve  m  depending  on  the  ratio  of 
pressures  anc*  tei&Perature  for  suction. 

The  numerical  example  is  presented  on  the  nomogram  itself. 
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TABLE  III-73.  QUANTITIES  C  FOR  CALCULATION  OF  ISO¬ 
THERMIC  POWER  IN  COMPRESSION  OF  CERTAIN  GASES 


^  Hi'nnbHtii  TeaneptTTp*. 

•C 

aasMTine 

am 

10 

20 

3ft 

to 

10 

20 

30 

40 

Bflflop  ojF* 

50 

+0013 

+0.013 

+04)12 

+0012 

—0.006 

—0.004 

—0.002 

— 0.001 

100 

0.026 

0.025 

0025 

0.024 

—0.009 

—0.005 

-04)01 

+0001 

200 

0.053 

0052 

0050 

0.049 

—0.005 

+0.001 

+0.007 

04)11 

300 

0.080 

04)78 

0-076 

04)75 

+0.009 

0.017 

0  023 

0029 

400 

0109 

0-106 

0.103 

0.100 

0,031 

0.039 

0046 

04)52 

500 

0.137 

0.133 

0.129 

0.126  ! 

0.060 

0.(169 

04)75 

0.081 

600 

0.166 

0.161 

0.156 

0.152 

04194 

0.101 

0.107 

0.112 

700 

0.194 

0.188 

0.183 

0.178 

0.130 

0137 

0142 

0.146 

800 

0.223 

0.216 

0.210 

0.204 

0.170 

0.175 

(M79 

0-183 

900 

0-252 

0.244 

0.237 

0.230 

0-210 

0.214 

0218 

0  220 

1000 

0-280 

0-272 

0.264 

0-256 

0.253 

0  256 

0  258 

0259 

Hon 

*7& 

<w 

Mei 

a  H 

50 

—0.009 

—0.006 

-0.004 

-0.003 

-0.043 

-0.038 

0033 

0.029 

100 

—0014 

—0.010 

-0.007 

—0.004 

0.085 

0.074 

0.065 

0.057 

200 

-0.017 

-o.oio 

—0.004 

-4  0.001 

0.149 

0.130 

0.114 

0.099 

300 

— 0-008 

+0.001 

+0.008 

0.015 

0,180 

0,158 

(M38 

0.119 

400 

+0.011 

O.O20 

0.028 

0-035 

0.185 

0.163 

0.140 

0121 

500 

0.035 

0.044 

0.052 

0.059 

0.177 

0.153 

0  131 

0.112 

600 

0.064 

0.073 

-  0.080 

04)87 

0.157 

0.134 

0  113 

0.094 

700 

0097 

0.105 

0.112 

0.118 

0.130 

0108 

0.O88 

0  070 

800 

0.133 

0.140 

0.146 

0151 

0.100 

0078 

0.057 

04)39 

900 

0171 

0.176 

0.181 

0.186 

0.065 

0.044 

-0.025 

—0.007 

1000 

0.210 

0215 

0.219 

0.222 

04)26 

0.007 

+04)11 

-1-0027 

Key: 

1.  Absolute  pressure  atm. 

2.  Initial  temperature  ,°C 

3.  Hydrogen 

4.  Air 

5.  Nitrogen 

6 .  Methane 


n 


Figure  III-28. 
Nomogram  to  Determine 
Final  Temperature 
of  Compression 

Key: 

1 .  Example 
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Figure  III-29.  Nomogram  to  Determine  Indicator  Power 
Key: 

1.  Example 

2 .  Min . 

3.  Atm. 

4.  H.p. 

4.  The  indicator  power  of  special  compressors  with  forced 
valves  can  be  determined  from  the  nomogram  indicated  in  fig.  III-29. 
The  indicator  power  can  be  expressed: 

v-= ^  ‘  ^  [ (-??)”• - ‘] hP  ""«• 

Here  Pg  and  PD--absolute  pressure  in  suction  and  injection  pipelines, 
atm; 

P'  and  P ' ^--absolute  pressure  in  cylinder  according  to  actual 
line  of  suction  and  forced  discharge,  atm.; 

--indicator  volume  of  suction  with  pressure  Pg ,  m  /min. 
(nv— volumetric  efficiency  and  Vn  --volume  described  by  piston); 


■■■■S!MBISiSSSSR3lH*S3«M 

■■■■■sggggi^SasaggiiniBgigl 


6-30%  u  2*  it  a  ra  r*  r* 


Figure  III- 30.  Nomogram  to  Determine  Volumetric  Efficiency  (e-- 
quantity  of  harmful  space) 

Key: 

1.  Example 

m--indicator  of  polytropic  curve; 

A’ --quantity  of  indicator  required  power  expressed  in  * indx_m 

atm.  x  m 


The  numerical  example  is  presented  in  fig.  Ill -29, 


5.  The  volumetric  efficiency  n  is  found  with  the  help  of 
a  nomogram  depicted  in  fig.  Ill- 30.  The  numerical  example  is 
presented  on  the  nomogram  itself.  The  coefficient  of  supply  A,  as 
is  known,  is  expressed  by  the  ratio  of  effective  volume  of  gas 
(actually  fed  into  the  injection  line)  to  the  volume  described  by 
the  piston,  consequently: 


Figure  III-31.  Graph  to  De¬ 
termine  Coefficient  of  Pre¬ 
heating 


Figure  III- 32.  Graph  to  Evaluate 
Atmospheric  Pressure  Depending  on 
Altitude  above  Sea  Level 

Key: 

1.  Altitude  above  sea  level,  km 

2 .  kg  /nH 

3.  mm  Hg 


However,  X  is  smaller  than  the  volumetric  efficiency  since 
it  does  not  take  into  consideration  the  preheating  of  the  gas  be¬ 
cause  of  details  of  the  cylinder.  Consequently ,  in  order  to  deter¬ 
mine  it  is  necessary  to  take  into  consideration  the  size  of  the 

ratio  x/nv.  Then 

6.  With  the  help  of  the  graph  constructed  in  fig.  III-31,  one 
can  determine  the  coefficient  of  preheating  for  piston  compressors. 
The  quantity  A/nv  is  plotted  on  the  y-axis;  the  ratio  of  final 
pressure  Pj  to  initial  P^  ,  i.e.  ,  the  degree  of  compression,  is 
plotted  on  the  x-axis. 


7.  In  order  to  evaluate  the  change  in  atmospheric  pressure 
depending  on  the  altitude  above  sea  level,  a  graph  is  used  (fig.  HI- 
32). 

Centrifugal  Compressors 

Because  of  a  rise  in  the  production  of  nitrogen  fertilizers  ,  the 
unlimited  demand  for  them  in  agriculture ,  and  the  developed  need  to 
make  large  units  to  synthesize  and  process  the  ammonia  (1500  T/day 
and  more) ,  the  attained  level  of  compressor  construction  has  proven 
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to  be  insufficient  for  the  plants  of  the  nitrogen  industry.  There¬ 
fore  in  the  last  10  years,  a  transition  has  occurred  in  the  tech- 
noloev  of  ammonia  production  from  oiston  multiole-stage  compressors 
of  high  pressure  to  centrifugal  comorefifbr  machines  of  high  pressure 
which  would  allow: 

3 

guaranteed  supply  of  over  3000  m  /min.  of  gas,  a  quantity  suf¬ 
ficient  for  producing  1500  T/day  of  ammonia  in  one  production  line; 

guaranteed  final  gas  pressure  to  320  atm; 

simultaneous  circulation  of  gas  in  the  synthesis  unit  at  high 
pressure  (260-320  atm.)  and  in  the  assigned  quantity  (19,000  m  /min,). 

Figure  III- 32a  depicts  the  plan  and  gives  the  basic  parameters 
of  centrifugal  compressors  which  nitrogen  plants  will  be  equipped  with 
in  future  years . 


Figure  III- 32a.  Plan  of  Centrifugal 
Compressor  for  Compressing  Nitrogen- 
Hydrogen  Mixture  Combined  with 
CCC 

Key: 

1.  Cylinder  of  first  stage 

2.  Cylinder  of  second  stage 

3.  Cooler 

4 .  Separator 

5.  Steam  turbine 

6.  Cylinder  of  third  stage 

7.  Cylinder  of  fourth  stage 

8.  CCC  (centrifugal  circula¬ 
tion  compressor) 

9.  Suction 

10.  Steam 

11.  Bleed 

12.  Injection 


Specifications 

Compressor  - 
Output,  m  /h 

Shaft  rotation  rate  ,  rpm 
Absolute  pressure,  atm 
in  suction  pipeline 
in  injection  pipeline 
Gas  temperature ,  C 
suctioned 


of  unit 


185,000 

15,000 

23 

256-286 

25-40  (rated 
30) 


injected 


34 


Intermediate  gas  bleeding 

quantity,  m3/h  3960-4200 

pressure,  atm.  41 

Recirculator  (CCC)  - 

Output  under  suction  conditions,  nr /min  70-80 

Gas  pressure,  atm. 

suctioned  256-286 

injected  291-321 

Temperature  of  suctioned  gas,°C  35 

Turbine 

Power  ,  kW  n  28  ,500 

Steam  consumption,  T/h  392 

Shaft  rotation  rate,  rpm  15,000 

Absolute  steam  pressure  ,  atm. 

at  entrance  to  turbine  130 

at  exit  from  turbine  37 

Steam  temperature  ,  °C 

at  entrance  to  turbine  550 

at  exit  from  turbine  400-405 


The  centrifugal  compressor  with  these  parameters  must  have  im¬ 
proved  reliability  in  operation  and  guarantee  lengthy  faultless (for 
example,  for  a  year)  operation. 


The  described  high-power  compressor  unit  (exceeding  25,000  kW) 
and  with  high  shaft  rotation  rate  (15,000-17,000  rpm)  can  be  actuated 
from  a  steam  or  gas  turbine.  In  the  adopted  modem  production  plans, 
preference  is  given  to  the  steam  turbines  with  counterpressure  and 
condensation. 


In  selecting  the  centrifugal  compressor  machine,  one  should  be 
guided  by  the  gas-dynamic  characteristics  that  are  set  by  the  manu¬ 
facturing  plant  during  testing  of  the  machine  on  the  plant's  test 
stand. 

The  equations  given  above  for  computing  the  piston  compressors 
are  also  correct  for  centrifugal  machines. 

In  order  to  determine  the  power  consumed  by  the  centrifugal 
gas-blower  machine  under  the  assigned  conditions  ,  we  use  the 
equation: 
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3 

where  Q--output  with  temperature  and  pressure  of  suction,  m  /min; 

and  P2"-pressure  of  gas  respectively  on  side  of  suction  and 

injection,  kg-f/cm^; 

^--volume  efficiency  (0.98-1.0); 

nm — nechanical  efficiency  (0.97-0.99); 

— adiabatic  efficiency  (0.6-0.75); 

k — indicator  of  adiabatic  curve  c  / c  =1.4. 

P  v 

Electric  motors  for  compressor  drive.  Asynchronous  motors  are 
usually  used  for  compressors  with  power  to  100  kW,  and  for  machines 
with  power  over  100  kW ,  synchronous.  The  synchronous  number  of 
revolutions  of  the  electric  motor  is  determined  from  the  formula 

3000 

" — J~  rpm 

where  p  is  the  number  of  pairs  of  poles. 


The  following  series  of  synchronous  numbers  of  revolutions  n 

is  adopted  with  the  corresponding  number  of  pairs  of  poles  p: 

P . 34  M  18  (4  <4  12  to  9  S  7  6  5  4  3  2 

n . 125  150  167  187  214  250  300  333  375  428  500  600  750  10UO  1500 

For  large  synchronous  electric  motors  ,  a  normal  series  of  powers 
has  been  set  (in  kW) :  100,  125,  160,  200,  250,  320,  400,  500,  630, 
800,  1000,  1250,  1600,  2000,  2500,  3200,  4000,  5000,  6300,  8000, 

10  ,000. 


Compressor  Lubrication 


The  consumption  of  grease  for  compressor  cylinders  can  be 
approximately  defined  from  the  following  equation 


2nD»»  ■  60 
*•“  K 

where  D — diameter  of  cylinder,  m; 
s — piston  stroke,  m; 
n- -number  of  revolutions,  min. 
K-400-500. 


g/h 


When  gases  are  compressed  in  the  interval  50-100  atm,  the 
obtained  norm  of  consumption  should  be  increased  1.5-2-fold.  It  is 
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increased  3-4-fold  in  the  interval  220-350  atm. 


The  consumption  of  grease  for  the  gaskets  with  metal  packing 
can  be  determined  from  the  equation: 


».=- 


dtn  -  GO 


33 


g/h 


where  d--diameter  of  rod,  m. 


Depending  on  the  wear  of  the  gasket  packing  and  other  factors , 
the  consumption  of  grease  obtained  by  calculation  rises  1.5-2-fold. 


Below  are  the  properties  of  the  compressor  oils  (according  to 


COST  1861-54): 


Indicators 


Brands 


Viscosity,  kinematic  at  100°C  ,  cSt 

Acid  number,  mg  KOH/g  of  oil,  no  more 
Stability  (precipitate  after  oxidation)  , 

Z  ,  no  more 

Ash  content ,  %  no  more 

Content  of  mechanical  admixtures ,  % , 

no  more 

Content  of  water-soluble  acids  and  alkalis, 
water 

Flash  point ,  determined-  in  open  crucible , 

°C ,  no  below 

Corrosion,  determined  by  method  of  Pinkevich 
on  plate  made  of  lead  brand  SI  or  S2 
(GOST  3778-65),  g/m  ,  no  more 


im 

0.15 

19  (' 
17-21 
0.10 

0.30 

0.015 

0.02 

0.010 

0.007 

0.007 

Missing 

216 

242 

60 

5 

The  nitrogen  industry  mainly  uses  compressor  oil  of  brand  19 (T) 
for  lubricating  the  moving  parts  and  cylinders  of  large  compressors. 


The  properties  of  aviation  oils  (according  to  GOST  1013-49) : 


Indicators 


Viscosity,  kinematic,  at  100°C,cSt,  no  less 
Cokability,%  no  more 
Acid  number,  mg  KOH/g  of  oil,  no  more 
Ash  content ,  Z  no  more 

Content  of  selective  solvents,  water-soluble 
acids  and  alkalis  ,  mechanical  admixtures  and 
water 

Flash  point  (determined  in  closed  crucible), 
°C ,  no  lower 


Brands 

MS-20 

20 

0.3 

0.05 

0.003 


Missing 
225  I 


MK-22 

22 

0.7 

C.l 

0.004 


230 


-18 


-14 


Pour  point ,  °C  no  higher 
Corrosion,  determined  by  method  of 
Pinkevich  cn  plate  qf  lead  brand  S2 
(GOST  3778-65)'.  g/m“,  no  more  45  2 


Aviation  oils  of  the  presented  brands  have  recommended  them¬ 
selves  in  lubricating  the  cylinders  and  moving  parts  of  large  gas 
compressors  of  high  pressure. 


The  properties  of  the  oil  for  rolling  mills  of  brand  P-28 


(according  to  GOST  6480-53) : 

Indicators 

Viscosity  at  100°C 
kinematic  ,  cSt 

26-30 

conventional  corresponding  to  it,°CV 

3.68-4.20 

Cokability  ,1 ,  no  more 

1.0 

Acid  number,  mg  KOH/g  of  oil,  no  more 

0.1 

Content  of  water  soluble  acids  and  alkalis  , 
mechanical  admixtures  and  water 

Missing 

Flash  point  determined  in  open  crucible, °C 
no  lower 

285 

Pour  point ,  °C ,  no  higher 

-10 

Testing  for  corrosion  of  steel  plates  at 

100°C  for  3  h 

Withstands 

Oil  of  brand  P-23  has  recommended  itself  as  the  best  for 
lubricating  high  pressure  compressors  in  units  of  air  separation  by 
the  method  of  deep  cooling. 


The  properties  of  oil  for  cooling  machines  of  brand  KhZ  (frigus) 


according  to  GOST  5546-66: 

Indicators 

Viscosity,  kinematic  at  50°C,  cSt 

11.5-14.5 

Acid  number,  mg  KOH/g  of  oil,  no  more 

0.10 

Ash  content ,  °/9  no  more 

0.01 

Testing  for  corrosion 

Content  of  water-soluble  acids  and  alkalis  , 

Withstands 

mechanical  admixtures  and  water 

Flash  point,  determined  in  open  crucible, °C 

Missing 

no  lower 

160 

Pour  point  ,°C,  no  higher 

-40 

The  "frigus"  oil  is  used  in  the  nitrogen  industry  for  lubri¬ 
cating  cylinders  of  ammonia  comoressors  of  cooling  units. 


The  properties  of  turbine  oils  of  different  brands  (according  to 
GOST  32-53) : 


Indicators 

Brands 

22  (I.) 

1  30 (UT) 

46(T) 

57 (turbo¬ 
reducer) 

Viscosity,  kinematic  at  50°C,cST 
Acid  number,  mg  KOH/g  of  oil. 

20-23 

28-32 

44-48 

55-59 

no  more 

Stability 

precipitate  after  oxidation  ,% , 

0.02 

0.02 

0,02 

0.05 

no  more 

acid  number  after  oxidation. 

0.10 

0.10 

0.15 

mg  KOH/g  of  oil ,  no  more 

0.35  ] 

0.35 

0.45 

• 

Ash  content ,  % ,  no  more 

Rate  of  deemulsif icaticn ,  min. 

0.005  1 

0.005 

0.020 

0.040 

no  more 

Content  of  water  soluble  acids  j 

and  alkalis,  mechanical  admixtures] 

8 

8 

Missing 

8 

1 

8 

1 

Flash  point  determined  in  open 

crucible,  °C  no  lower  180  180  195  195 

Pour  point, °C,  no  higher  -15  -10  -10 

Sodium  test  with  acidification  , 

points ,  no  more  2  2  2  2 

Transparency  at  0°C  Oil  in  glass  test  tube,  diameter 

30-40  mm  must  remain  transparent 

For  lubricating  electric  motor  with  a  large  number  of  revolutions , 
and  average  gas  blower  power,  turbine  oil  of  brand  22  is  used;  for 
turbocompressors  with  reducers  ,  oil  of  brands  30  and  44  is  mainly  used. 

Technical  Data  of  Compressors 

Gas-turbine  unit  GTT-3  which  is  included  in  the  unit  for  pro¬ 
ducing  weak  nitric  acid  under  absolute  pressure  of  7.3  atm.  includes 
an  axial  compressor,  separator  blower,  gas  turbine  and  alternating 
current  generator.  The  characteristics  of  the  axial  compressor  and 
the  separator  blower  are  presented  in  table  III-74. 


TABLE  111-74. 
WITH  RATED 


1-74.  CHARACTERSTICS  OF  AXIAL  COMPRESSOR  AND  SEPARATOR  BLOWER 
ED  OUTPUT  OF  1000  m3/min  FOR  COMPRESSED  AIR  (p^  -1.293  kg/m3) 


Link  of  Type 
unit 


Final 
press . 
([gage)  , 
atm. 


Suction 

conditions 


temp 

°C 


press . 
(abs . )atm 


Rotor 
rota¬ 
tion 
rai 


Power 

kW 


Weight  of  unit .  T 


com- 

pres- 


redu- 

cer 


heavi¬ 

est 


blower 


ly  with 
compres¬ 
sor 

Four-axle  reducer,  type  R-3600 
Water  consumption  is  360  T/h. 


Below  are  the  characteristics  of  the  gas  turbine  that  operates 
on  natural  gas,  and  the  alternating  current  generator: 


Gas  turbine _ 

Power  ,  kW 

Gas  consumption,  T/h 
Absolute  gas  pressure , atm. 
incoming 
ougoing 

Gas  temperature  ,°C 
incoming 
outgoing 

Shaft  rotation  rate , 
rpm 

Weight  ,T 


_ Alternating  current  generator 

7250  Type  of  generator  G-2b-1.5-2 

82.1  with  energizer 


5.4 

1.06 

720 

408 


Type  of  booster 
engine 

Surplus  power  on 
coupling ,  kW 
Weight ,  T 


MPS-300-3000 

280 

10.4 


5100 

26 


TABLE  111=75.  VERTICAL  FANS  OF  SPECIAL  PURPOSE  WITH  OUTPUT  OF 
100  ,000  nr /h 


Type 

Density 
of  mixed 
gas  , 
kg/m3 

Temp. °C 

Static 
press, 
mm  wat. 
col . 

Wheel 

diam. 

mm 

Con¬ 

sumed 

power 

kW 

Electric  motor 

Total 

type 

power 

kW 

shaft 

rota¬ 

tion 

rate 

rom 

weight , 
kg-f 

For  unit 

in  gran 

ulation  towei 

bs 

S1530 

1.06 

from  -20 

40 

1540 

24 

Done87 

-  29 

725 

1885 

to  +60 

-8 

WO- 2 

1.4- 

from  -20 

'  40 

1520 

40 

A02-91- 

-  40 

735 

2679 

1.06 

to  +60 

8 

For 

degasification  units 

S1530 

1.19 

30 

100 

1550 

46.5 

DO  ne 

55 

975 

2600 

96/8 

WO-1 

1.18 

30 

70 

1520 

40 

AO  2- 

40 

735 

3426 

91-8 

Note:  Fans  type  S1530  are  made  by  the  firm  Nema  (GDR)  •,  fans  type 

WO-1  and  WO- 2  are  made  by  the  Ordzhonikidze  Podol'sk  Mechani¬ 
cal  Plant. 


TABLE  III-76.  RECOVERY  MACHINES 


1 

Tun  ManiHiiti 

Z 

>» 

•  a 

j  i  y 

I  u 

*  C  O. 

S  4  S 

ill 

* 

•  M 

3 

f- 

'|l 

+ 

1 

* 

! 

1  § 

i  " 

u 

h: 

«5 

ll 

!fi 

i 

1  3 

5 

ill 

7 

ll 

4 

*  s 

5a 

alS 

f 

tj 

S  S 

a* 

H 

ii 

lUcoc  juw,| 
c9ew**ro  7 
pacTBopa  ] 

r>iieKTponAn- 

rar«jib 

/r 

2 

S 

I 

<* 

if 

n  * 

a  5  r 

ii*; 

It 

$ 

* 

>  d 
o 

i 

t* 

a 

1! 

+s 

ZS'g 

5  8.  . 

<• 

III 

RS60/320 

60 

00 

2450 

500 

3115 

323 

340 

75 

10 

i  45 

1450 

67  400 

RS 120/320 

120 

70 

2800 

650 

3520 

323 

340  ' 

150 

25 

1  175 

1470 

88153 

RSt2U/1".o 

120 

70 

3100 

i 

650 

3720 

U4.5 

j  130  1 

|  13H 

j  15 

130 

i 

1450 

04115 

Key: 

1 .  Type  of  machine  ~ 

2.  Output  for  fresh  solution,  nr  /h 

3.  Number  of  double  strokes  in  1  h 

4.  Piston  stroke,  mm 

5.  Inner  cylinder  diameter,  mm 

6.  Cylinder  height,  mm 

7.  Pressure  of  spent  solution,  atm. 

8.  Working  pressure  of  injection,  atm. 

9.  Pump  for  fresh  solution 

10.  Output,  m3/h 

11.  Pressure,  atm. 

12.  Electric  motor 

1 3 .  Power ,  kW 

14.  Shaft  rotation  rate,  rpm 

15.  Total  weight,  kg-f 

Note:  The  manufacturer  is  the  firm  "Investa" 


of  the  CSSR. 
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Notes:  1.  Compressors  of  the  presented  brands  have  direct 

drive  from  a  synchronous  electric  motor.  Compressor 
of  brand  2RA-3/350  has  drive  from  an  asynchronous  motor 
through  a  V-belt  gear.  The  rotation  rate  of  the  shaft 
of  the  compressor  is  **00  rpm. 

2.  The  output  is  given  for  gas,  relative  to  normal  condi¬ 
tions:  for  compressors  of  brand  1G- 266/320,  5G-6 /285-320  , 
6M40-320/320 ,  6M40-320 /200 ,  6M40-450/22. 5 ,  2RA-3/350; 
5G-3/285-320 — for  gas  under  suction  conditions. 
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IN  L  1 KUL 

Power 

on 

shaft 

kW 

i  CAN  -LINUUDiXvI 

Consumption 

Electric  motor 

We 

LgtlLJl - 

water 

/h 

Brand 

Velo¬ 

city 

rpm 

Voltage 

V 

Com¬ 

pre¬ 

ssor 

with 

app. 

1 

rieavi- 

est 

part 

Compressor 

304) 

3760 

320 

2.3 

SDS  4650-125 

4000 

125 

6000 

290 

800 

2860 

250 

2.1 

SDS  3750-125 

3200 

125 

0000/3000 

230 

72.6 

250 

1102 

90 

1.18 

SM  1350-125 

1135 

125 

G000 

108.7 

415 

18.26- 

1660 

930 

200 

84.0 

0.2 

0.6 

SDS  2400-125 

MS  340-6/48 

2000 

1200 

125 

125 

6000/3000 

6000/3000 

150 

80 

57.8 

37.35 

304) 

58 

7.5 

- 

MA  36-41-4 

75 

1480 

380/220 

3475 

0.72 

0-5 

Pressure 

Compressor 

3300 

280 

2.3 

SDS  4650-125 

4000 

125 

6000 

173 

80 

25 

925 

85 

0.38 

SM  1350-125 

1135 

125 

6000/3000 

71.4 

415 

114) 

760 

70 

0.6 

DSK  260/34-36 

840 

167 

6000/3000 

445 

136 

11.0 

380 

35 

0.3 

DSK  260/20-36 

420 

t  167 

6000/3000 

1  236 

10.8 

I  10.0 

Compressors 

154) 

530 

- 

1.4 

SDS  780-125 

630 

125 

6000 

236 

23.8 

268 

- 

0.7 

SDKZ  18-19-48 

320 

1 25 

|  6000 

12-2 

21.5 

104> 

Pressure  Compressor 

1120 

125 

1.8 

SDKI  19-36-48 

1250  | 

125 

6000/3000 

110 

23.5 

20 

1190 

96 

0.6 

SDS  1500-167 

1250 

167 

6000 

84-7 

198 

112 

Opposite 

Bases 

20 

4410 

550 

2.1 

SDKI  19-54-20 

5000 

300 

6000 

206 

362 

4400 

467 

2.2 

SDKI  19-54-20 

5000 

300 

6000 

227 

36.2 

20 

- 

370 

2.0 

SDKP  19054-24 

4000 

250 

6000 

171.6 

31,2 

18 

1650 

150 

0.6 

SDKP  48-39-20 

2000 

300 

6OO0 

84 

16 

11 

160 

* 

SD  18-39-20 

2000 

300 

6000 

1004) 

13.4 

7.0 

1800 

160 

1.7 

SDSP  18-39-20 

2000 

300 

6OO0 

674 

IB.5 

124) 

1680 

678 

11.2 

11.2 

1208 

125 

1.09 

SDK  16-51-16 

1250 

375 

6000 

525 


TABLE  III-78 .  CHARACTERISTICS  OF  CENTRIFUGAL  COMPRESSORS  USED  IN 


Brand  of 

Compressible 

Gas 

Rated  cmerati 

No. of 

Po- 

Mater 

compressor 

gas 

density 

kg/m3 

Out- 

Final 

Suction 

rotor 

wer 

put 

pres- 

condition 

rotat, 

cn 

tion 

nP/h 

in 

sure 

Pres 

rpm 

shaf 

sue- 

(abs) 

per. 

sure 

kW 

tion 

°C 

(abs 

K-1500-62-3 

Air 

1203 

1290 

74 

30 

0.97 

4370 

6300 

774 

K-1500-62-; 

ft 

1.293 

1590 

7.5 

30 

0.97 

447u 

7300 

774 

K-1300-91-] 

Nitrogen 

1.250 

1300 

1.12 

25 

0.0545 

4500 
(I  UH.II.) 

605 

143 

7850 

(II  4I1JI.) 

K-500-61-1 

Air 

1.293 

525 

94 

20 

1.0 

7600 

3000 

193 

K-500-61-2 

It 

1-293 

510 

7.5 

20 

0,97 

7400 

2500 

193 

K-480-42-1 

Nitrous  gas 

1.290 

480 

34 

‘53 

0.958 

8100 

1700 

20 

K-505-121-1 

Gases  of  methane 

0425 

500 

104 

35 

0.98 

7650 

2900 

508 

pyrolysis 

K-350-62-1 

Air 

14193 

420  , 

7.35 

20 

0.97 

8846 

2060 

183 

K-250-61-1 

It 

1.293 

250 

94 

20 

14 

11  230 

1500 

220 

K-405-121-1 

Gases  of  pyro¬ 
lysis 

119 

450 

42 

15 

14 

6920 
(I  HMJI.) 

5100 

132 

14050 

TsK-100-61 

Air 

1.293 

too 

0.5 

1.0 

(11  KBA.) 

15  200 

600 

80 

TsK-135/8 

ft 

Oxygen 

1.293 

135 

7.8 

30 

14 

13645 

880 

110 

KTK-12.5/ 

1.41- 

208 

35 

1.02 

13800 

2700 

420 

35 

1-429 

KTK-7/15 

l» 

Ul- 

1429 

117 

15 

• 

1.00 

13645 

1050 

140 

2TsTsK-10 / 

Nitrogen-hydro- 

0.41- 

104 

3134 

35 

290 

2970 

300-12-10 

gen  mixture 

048 

(BP*  Y=* 

lTsTsK-7- 

300-14/12 

The  same 

041- 

0.48 

7.3 

—80  ntc/eM9) 
318  (ap*Y— 
=>94  fsse/tjt* 

35 

290 

2970 

450 

— 

TsKO-7 

0.41  — 

7.5 

320 

35 

290 

2970 

510 

— 

0.49 

Note:  1.  The  output  is  given  Ifor  gas  under  suction  conditions;  for 
compressors  of  brand  K-4R0-42-1,  TsK-100-61,  KTK-7 /15--for 
gas  relative  to  normal  conditions. 

2.  An  expander,  recovering  about  700  kW  of  drive  power  is 
built  into  one  circuit  with  comoressors  of  brand  K-480- 
42-1  and  K-505-121-1. 

3.  Compressors  of  the  last  three  brands  are  centrifugal 
circulation  compressors  with  electric  motors  placed  inside 
the  high  pressure  housing. 
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THE  NITROGEN  INDUSTRY 


Electric  motor 


e 


Rated  Rota- 1  Dimensions 
pcwer  tion 
RW  rate  LngthJ  Wdth 
of 

shaft 

rpm 


t  of  unit  .7 


rrajirw 


815  RS™ 
2.48 

475  R1800 


2.56 
480  R?299 


30) 

1000  R|g 


SIM-9000- 2 

STM-9000-2 

ATMF-850-2 


STM-2500-2 

STM-3500-2 

AZP-1600/6000 

STMP-4000-2 

STM-3500-2M 

STM-1500-2 

STMS-6000-2a 

AZ-630/6000 

STM-1500-2 

ATMK  750-2 
ATMK  470-2 

ATMK  600-2 


14.1 

5.1 

4.8 

14.1 

5.1 

45 

123 

5.1 

4.8 

104) 

34 

34 

103 

34 

3.8 

7.7 

in  /» 

35 

A  A  /\  \ 

4.2 

0 

2970  )  84) 
144) 


2.9701 

65 

2-970 

65 

2-970 

65 

6  JO  912 

(with  a 

s.0  rart$r 

4,5  54)5 


415  184) 

41.5  184) 

74)  16.6 

1841  15.0 

185  154) 

7«  8.4 

220  124) 

154) 
105 
5  55 


64) 

2.9  27.6 

205  21.05 

2.9  25.1 


TABLE  III-79 .  SPECIFICATIONS  OF  FOREIGN  PISTON  COMPRESSORS 


Country  and 
firm  sup¬ 
plying  equip 
ment 


Czechoslova¬ 
kia  ,  ChKD 

The  same 


France  ,Du- 
jarend-Clark 

The  same 


France 
SFAK(by  li¬ 
cense  of 
Kupper- 
Bessemer) 


FRG 

Borzig 

FRG 

Manesman- 


iType  and  brand 
of  compressor 


Compressible 

gas 


|Gas 

density 


ttcg/m- 


(Rated  operating 
pattern 


Out- 


Fi 
nal 
pres 
(abs|) 
atm 


>uct; 

:ond: 

”Tem 


per 

°C 


on 

t. 


Abs . 
pres 
atm. 


Horizontal 
double -row 
2KhLK-1420 

Nitrogen-hyro- 
gen  mixture 

0.41-0.48 

15900* 

- r~ 

321 

30 

102 

Horizontal 

Nitrogen 

1.25 

3000 

201 

El 

101 

single-row 

Rl-K-920 

Opposite  ,  six- 

Nitrogen-hydro¬ 

041—048 

25200 

326 

120 

row  ,6ChVK- 355 
Opposite .eight- 

gen  mixture 
Coking  gas 

0.515 

17000 

16 

— 

101 

row,  8TBK- 300 
Opposite ,  eight- 
row.  8PBK-800 

125 

8400 

201 

— 

102 

Nitrogen 

Opposite  .four- 

Mixture  of 

37750 

66 

_ 

260 

row  .4IBKO-240 

gases 

Opposite .ten- 
row  .CLBA-10 

Coking  gas 

0415 

32000 

19 

— 

102 

Opposite  .six- 

Nitrogen-hydro- 

048 

24000 

E . 

— 

134 — 

row  ,CLB  A- 6 

gen  mixture 

Opposite .six- 

Nitrogen 

1.25 

9000 

180- 

_ 

102 

row  CLRA-6 
Opposite .ten- 
row  multiservice 
(KM5+KM5) ; in¬ 

200 

cluding: 
a) pres sing 
compressor  (7 
cylinders) 

Nitrogen-hydro¬ 

mixture 

041-048 

40000 

320.8 

35 

25 

b) recirculator 

The  same 

041-048 

15000 

350.9 

35 

3214 

(2  cylinders) 
c) ammonia 
compressor  (1 

Ammonia 

— 

7700 

-10 

30 

25000 

320 

28 

lOl 

8£pos?f e  , eight 

Nitrogen-hydro¬ 

041-048 

row 

Opposite .four- 
row  BFV/320 

gen  mixture 
Expander  gas 

14 

4850 

200 

— 

103 

[Continuation  of  Table  III-79  from  p . 528] 


Italy, 

Nuovo-Pin- 

yoni 

The  same 


FRG  .Demag 


FRG  .SYUKT 
FRG  .Borzig 

•  I 


France , 
Burton 
The  same 


Opposite , 

Nitrogen-hydro- 

24 

pressing  .four 
row  4HC/4ap 

gen  mixture 

0-38 

35000 

\ 

380 

Opposite , 
pressing  .four- 

Air 

<-293 

21200 

200 

— 

54 

58 

row  4HC/4ap 
Opposite , 

Natural  gas 

0.73 

12000 

36 

— 

19 

pressing  ,two- 
row  2HB/200ap 
Opposite  .three 

-Nitrogen 

1.25 

11000 

27—31 

— 

1.03 

row .  3HF  /  3 
Opposite  , 

Gas  for  methanol 

0.448 

20800 

501 

— 

<6 

pressing  .four- 
row  4HG/4ap 
Opposite , 

synthesis 

Nitrogen-hydro- - 

038 

19500 

501 

— 

15 

pressing .four- 
row  4HG/4ap 

gen  mixture 

Nitrogen 

135 

8250 

200 

1.0 

Opposite 

four-row  4HF/5 
Opposite .four 

Hydrogen 

0.1 

5200 

60 

— 

1015 

row,  4HD/4 
Opposite , 

Nitrogen-hydro- 

038 

21  300— 

550 

1  — 

::o.3 

pressing ,  four 

gen  mixture 

22  400 

j 

row 

Oxygen 

1.427 

|  8  950 

27,0 

— 

7.0 

Opposite , 

l.u4 

pressing 

135 

5900 

200 

—— 

Opposite , six- 
row 

Nitrogen 

18 

4850 

200 

— 

1.03 

Og^osite .four- 

Carbon  dioxide 

<*41— 0-41 

1  360  • 

320 

Horizontal , 
circulation 

Gas  mixture 

404) 

:44) 

one-row  , 
Horizontal , 

Nitrogen-hydro- 

(*41—0.41 

}  2  778 

860 

74) 

14) 

pressing 

gen  mixture 

1.293 

Opposite 

3HC-8BS 

Air 

Note:  The  output  is  given  for  gas  relative  to  normal  conditions. 

For  compressors  2ShLK-142Q  (Czechoslovakia)  and  circulation 
horizontal  one-row  (FRG,  firm  "Borzig") — for  gas  under 
suction  conditions . 
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(continuation  of  Table 
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4 

250 

450 

4  520 

449 

2,5 

Synchronous 

4900 

125.8 

354) 

4 

1 

250 

450 

3  590 

350 

1.62 

it 

3850 

110 

30.8 

1 

600 

205 

345 

33 

Oil 

- 

380 

7.5 

7.5 

3 

300 

420 

1820 

190 

1.25 

- 

1950 

64.7 

164 

4 

214 

450 

3370 

323 

1.75 

Synchronous  GGE 
AG-28-4050 

3700 

—  70 

38 

4 

214 

450 

3370 

320 

1.75 

Synchronous  GGE 
AT-28-4Q50 

3700 

—  70 

36 

■  5 

300 

420 

2100 

217 

1002 

Synchronous  AT- 20- 2480 

2250 

54 

25-2 

4 

375 

320 

1073 

95 

— 

Synchronous 

1180 

42.5 

4 

250 

450 

-  ■ 

— 

»» 

3  900 

115 

1 

500 

— 

— 

- 

765 

246 

— 

fi 

300 

— 

_ 

— 

Synchronous 

1440 

61.5 

5 

300 

400 

1 170 

103 

— 

11 

1280 

54.0 

14.5 

l 

t47 

1  500 

i 

CC2 

— 

~ 

- 

750 

18.5 

17.0 

1 

375 

1 

1  - 

70 

— 

— 

Asynchronous 

• 

92 

4.7 

00 

2 

600 

i 

Asynchronous 

02 

4-21 

0  785 

531 


TABLE  III-80 .  CHARACTERISTICS  OF  FOREIGN  CENTRIFUGAL  COMPRESSORS 


Country  and  ! 

Type  and  brand 

Compres- 

Gas 

Rated 

operating 

firm  sup-  j 

of  compressor 

sible  gas 

den- 

Dattern 

plying  equip. j 

sity^c 

)Ut-  B 

Einal 

absolute 

I33ES 

Mi 

>res . 

pressure 

a 

(gage) 

of  sue- 

atm. 

tion , 

atm. 

. 

FRG .Gutehof- 

Two -housing 

Gases  of 

0.52 

400 

104) 

0.99 

nungs-Hutte 

TKD  11-7/18 

pyrolysis 

The  same 

Two-housing ,foui 
row,  TKD  11-7/14 

The  same 

0.618 

pc 

9.2 

14)4 

1 1 

Two-housing 

TKD11-7/15 

ll 

O.G 

433 

*9.5 

— 

France  ,  Rato 

- 

Air 

1.293 

410 

35.0 

0.98 

aw= 

=  25°C) 

The  same 

Two -housing 

Natural 

0.73 

296 

38.2 

8.2 

of "barrrel" 
type 

gas 

(Tiom,— 

=  20  °C) 

FRG ,  Demag 

- 

Air 

1293 

785 

6.3 

1.00 

The  same 

- 

Oxygen 

1427 

148 

7.0 

14)4 

Italy  ,Nuovo 
Pinoni 

Air 

1.293 

715 

6J 

0.97 

FRG  .Gutehof- 

Circulation 

Nitrogen- 

0.5 

6.66 

324.7 

300 

nungs-Hutte 

CP4/14/12 

hydrogen 

mixture 

The  same 

Circulation 

Gas  for 

0448 

833 

370 

350 

CP4/14/10 

methanol 

synthesis 

Italy ,  Clark 

Turbo-vacuum 
pump  3MX-8 

Acetylene 

1.261 

216 

1.35 

0.15 

France , 

Screw 

Nitrogen 

1.25 

166 

54) 

34) 

Alkatel 

|HC  250-15GV 

United  States 

j  _ 

Nitrogen- 

0.5 

45-120 

150. 

23-25 

Italy,  Japan, 

hydrogen 

«!4U,  «J2U 

France 

mixture 

Note:  The  output  is  given  for  gas  relative  to  normal  conditions. 
For  compressors  of  brands  CP  4  /lV'Shd  CP4/14/10  (FRG, 
Gutehcfnungs-Hutte)  it  is  given  for  gas  under  suction 
conditions . 
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Rate 

Po¬ 

Con¬ 

of 

orer 

sump¬ 

shaft 

kw 

tion 

rota¬ 

of 

tion 

water 

rpm 

nw/h 

Type  of 
gear 


7  500 

3120 

320 

7500 

3  320 

290 

7  500 

~ 

290 

12  580 

16  500 

1375 

— 

— 

— 

— 

— 

— 

— 

4250 

3970- 

4130 

380 

2  970 

402 

— 

2  970 

476 

1 

8500 

225 

— 

7620 

382 

60 

< 

11"00- 

Ao 

_ 

15  "00 

30000 

Reducer  and 


recovery 

machine 


Reducer 


Reducer  of 
Krupp  firm 


Reducer 


Without  re¬ 
ducer 


Reducer 


Reducer 

Alkatel 

NA-20 

Without 

reducer 


Electric  motor 

Po¬ 

Rate 

tfeiaht. 

I _ 

Type 

wer 

of 

com¬ 

elec¬ 

heavi 

WJ 

shaft 

pres¬ 

tric 

est 

rota¬ 

tion 

sor 

motor 

parts 

rpm 

Asynchronous 
ep  RV  348/43-4 

3  800 

1488 

43.0 

— 

OA 

1 

F 

with  ap 
aratus) 

L  • 

Asynchronous 

3900 

1484 

85 

13.5 

384  /41-4-D5 

348/41-4D5 

3600 

1488 

8.7 

12.5 

— 

Asynchronous 

4800 

1490 

538 

13.1 

il 

1650 

1490 

223 

70 

— 

II 

4  500 

1500 

450 

_ 

_ 

[with  ap 
Jaratus} 

II 

1075 

1500 

18.5 

»l 

4600 

1500 

49.9 

— 

22 

[with  ap 
saratus) 

Asynchronous 

450 

2  970 

20.5 

_ 

17.5 

SSW 

The  same 
PR-260/37-2 

550 

2  970 

20.5 

17.5 

Asynchronous 

COR-2681-48 

340 

1480 

12,1 

3.15 

— 

Asynchronous 
Alston  81.5-39 

440 

2960 

4.23 

3-8 

— 

- 

i 

TABLE  III-81. 


Type  o 
machine 


CHARACTERISTICS  OF  CENTRIFUGAL  BLOWER 


Rated  operat 


610 

-11-1 

540-41-1 

360-21-1 

360-22-1 

360-22-2 

1050-13-1 

750-23-2 

40C 

1-12-2 

0-325-11M 

101 

-11-2M 

TG- 

500-1.3 

TG- 

450-1.08 

TG- 

250-1.12 

TG- 

200-1.25 

TG- 

150-1.12 

TG- 

125-1.1 

TG- 

80-1.8 

TG- 

80-1.4 

TG- 

60-1.8 

TG- 

50-1.9 

TG- 

25-1.4 

TG- 

25-1.05 

Air 

Air 

Sulfurous 

Semiwater 

Sulfurous 

Semiwater 

Sulfurous 

Nitrous  gases 
Ammonia- air  mix¬ 
ture 

Nitrous  gases 
Ammonia-air  mixtur 

Return  gases 
Ammonia-air  mixtur 
Oxygen 


Nitrogen 
Converted  gas 


1.293  18  500  2.4  am  20 
1.293  16  200  1.75  am  20 


775 


380  6290 


500  I  35  I  0.9 


Electric  motor 


Type 


Machine  parameters!  Unit  di-  [Weight ,  kg-f _ 

operating  in  air  mens  ions  unit  I  elec-jheaviest 


tion  wer  under  standard 
rate  kW  conditions 
of  out-  rise  i 

shaft  put  in 


KOM-732 


KAMO-350-3 
ATP  -630 

ATD-800 

KAMO-350-2 

AT.D-630 

Alp  .-800-2 

A- 103-2 

A-113-2 

MA-146-1/4 

AT.D-500 

A03-92-2 


A02-92-2 


A-101-2 


K0-42-2 


AO-83-2 


A-102-2 

A-92-2 

A2-92-2 


K0-42-2 


AO- 73-2 


out-  rise  con- 

put  in  sum. 

nr /h  press,  po- 

nm  wer 

wat.co] .kW 


100  tfot  designed  for 
forking  in  air 

,1600  The  same 

400  22  500  1.8  atm  530 

630 

800  j  —  —  — 

400  i  —  —  — 

j 

G30  GO  000  3000  800 


with-  trie  parts 
out  mo- 
elec  -tor 
trie 
moto:: 


250  !  25  000  1850 

320  |  19  500  7600 

68  I  6  000  2180 


3380  3  800 


3300  13200 


3200  6  700 


3200  5  300 

3200  5  300 

3000  26  700 

3700  10500 

300  5  000 

2800  2  300 

2550  2  200 


2960  100  27  000  850  90  2230  1950  2  187 

2960  100  Not  designed  for  2120  1600  1130 

!  working  in  air  j 

2955  160  12000  I  2700  I  120  ;  2996  1685  4118 


2950  50  -lot  designed  for  2120 

j  working  in  air 
2950  50  7  500  I  1100  I  45  2215 


1695  |  1  230 


1450  1 586 


2960  200  5  000  8000  143  3270  1550  4  690  1100  1940 


295 0  125  5  000  4000 

2950  125  3  600  8000 


79  2790  1550  3  846  085  1340 

105  2960  1550  5  173  519  1930 


MA36-50/2  2970  125  3  000  9500  130  3250  1550  6160  1160  2130 


2950  50  1  500  7500 


90  3065  1550  5  340  720  I  1915 


2950  28  *ot  designed  for  2042  1290  1  575  325  550 

]  working  in  air 
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TABLE  III-82.  SPECIFICATIONS  OF  MPT  (MOTOR- PUMP-TURBINE)  UNITS 


MPT  Unit 

Output  ,  m'Vh 

900 

1500 

2100 

Number  of  revolutions  in 

1  min. 

1485 

1490 

1490 

Turbine 

Pressure,  m  wat.  col. 
at  inlet 

270  (gage) 

260-280 

270 

at  outlet 

0-40 (gage) 

10-15 

25-30 

Maximum  power ,  kW 
at  P=270  m  wat.  col. 

550 

880 

1120 

at  P=230  m  wat.  col. 

450 

800 

- 

Total  weight,  kg-f 

7700 

8840 

9515 

Pump 

Pressure,  m.  wat.  col. 
at  inlet 

0 

0 

9 

at  outlet 

310 

320 

320 

Maximum  consumable  power  , 
kW 

1000 

1600 

2500 

Total  weight  of  pump  with 
foundation  slab,  kg-f 

1100 

11  ,400 

9000 

Electric  motor 

Type 

DAMSQ-1510-4 

DAZ-1612-4 

DAZ-16: 

Rated  power  on  shaft  ,  kW 

850 

1500 

2000 

Voltage  on  stator  winding , 

V 

6000 

6300 

6000 

Total  weight  of  electric 
motor  with  foundation  slab , 
kg-f 

5050 

-5100 

11  ,600 

Note :  Manuf acturere ,  Ural 1 sk 

Plant  of  Hydromachines . 

Pumps 


The  basic  parameters  that  charaterize  the  operation  of  any 
pump  are: 

output  of  pump  Q  which  is  determined  by  the  volume  of  liquid 
fed  by  the  pump  in  a  unit  of  time; 

pressure  H  which  is  expressed  in  meters  of  a  column  of  pumped 
liquid; 

power  consumed  by  the  pump,  N,  kW. 


The  catalogues  present  pump  characteristics  with  the  maximum 
number  of  wheel  rotations  n  which  cannot  be  increased  without  the 
agreement  of  the  manufacturing  plant. 


When  the  number  of  revolutions  is  changed  from  n^  to  ^  ,  the 
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pump  parameteres  also  change  according  to  the  following  law  of 
proportionality: 

JL /  "i  y 

(>i  *“  »H  //|  \ntJ  iV*  \  n»  / 


The  power  of  the  electric  motor  is  indicated  by  the  manufac¬ 
turing  plant.  It  must  be  somewhat  greater  than  the  power  on  the  pump 
shaft  because  of  its  possible  overloading. 


The  power  consumed  by  the  pump  is  determined  from  the  formula: 


h  JQp*!L 

lu2t)  “  iuWi; 


KW 


3 

where  Q--pump  output,  m  / s j 

H- -complete  pressure  of  oump  ,  m; 

3 

Y--specific  weight  of  pumped  liquid,  kg-f/m  ; 

3 

p--density  of  pumped  liquid,  kg/m  ; 

2 

g--acceleration  of  gravity  force,  m/s  ; 

n--complete  efficiency  of  pump  (in  fractions  of  a  unit)  equal 
to  the  ratio  of  useful  pump  power  (QyH/102,  or  QpH)to  the 
consumed. 


The  nitrogen  industry  makes  the  greatest  use  of  jalade  pumps 
which  are  designed  to  pump  chemically  active  liquids  (both  pure  and 
contaminated)  which  contain  abrasive  inclusions  of  size  to  0.2  mm  in 
a  quantity  of  nor  more  than  0,2%  weight. 

The  blade  pumps  are  made  in  three  types: 


Rh — cantilever  on  individual  stand; 

KHG- -hermetically  sealed,  monoblock  with  electric  motor; 
KHP--submersible . 


Pumps  of  types  Kh  and  KhG  are  made  with  horizontal  and  vertical 
arrangement  of  the  shaft ,  pumps  of  type  KhP  are  only  made  with 
vertical  arrangement  of  the  shaft. 
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TABLE  III-83.  DESIGN  AND  AREA  OF  APPLICATION  OF  Kh  AND  KhG  TYPE  PUMPS 
(GOST  10168-62) 


Design 

Desig¬ 

nation 

Area  of 

application 

pressure  in 
loop  ,  kg-f / 

,  cm^ 

temperature 
of  liquid, °C 

Kh  Type  Pump 

With  soft  gasket 

1 

- 

- 

With  end  packing 

2 

With  standing  packing 

3 

KhG  Type  Pump 

With  common  loop  for  circulation 

1 

to  25 

of  pumoed  liquid  in  pump  and 

4 

25-50 

to  50 

motor 

7 

50-350 

With  common  loop  of  circulation 

2 

to  25 

of  pumped  liquid  in  pump  and  motoi 

'  5 

25-50 

50-100 

and  with  additional  cooling  of 

8 

50-350 

motor 

With  separate  loop  of  circulation 

3 

!  to  25 

of  liquid  in  pump  and  motor  and 

6 

25-50 

100-400 

with  additional  cooling  of  motor 

9 

50-350 

f  TABLE  III-84 .  TYPE-SIZES  AND  RATED  OPERATING  REGIME  OF  PUMPS 

(GOST  10168-62) 


Type-size 

ll/s 

H  ,m 

n  ,rpm 

Ah 

m 

Type-size 

Q, 

1/s 

H 

m 

n 

rpm 

Ah 

nlawi 

~lKh-2 ;  lKhV-2 

>0.6 

"3073" 

2900 

|3 

l%KhV-4 

2.4 

30 

2900 

”5 

lKh- 2P ; 

!%KhG-6x3 ; 

2.4 

53.3 

2900 

5 

lKh-2F 

l%KhGV-6x3 

lKhV-2F 

l%KhG-6x2 

2.4 

35.4 

2900 

5 

lKhG-2; lKhGV-2 

l%KhGV-6x2 

lKhP-2 

l%Kh-6 

2.4 

17.8 

2900 

5 

l%Kh-2; 

0.9 

40 

2900 

4 

l%IChV-6 

l%KhV-2 

l%Kh-6P 

l%Kh-2P 

l%KhV-6P 

l%KhV-2P 

l%KhG-6 

l%KhG-2 

l%KhGV-6 

l%KhGV-2 

l%Kh-4x2 

3 

70 

12900 

5 

l%Kh-2 

1.8 

63 

2900 

li^ChV-4x2 

1 %Kh- 2P 

2Kh-2F 

1.8 

25 

1450 

3 

l%KhV-2P 

2KhV-2F 

l%KhP-2 

2Kh-3F 

1.8 

14. € 

1450 

3 

l%Kh-4 

2.4 

30 

2900 

5 

2KhV-3F 

4Kh-4F 

12.5 

36 

1450 

4 

2Kh-4x2 

5.5 

106 

2900 

5 

4KhV-4F 

2KhV-4x2 

4Kh-6 ; 4KhV-6 

25 

85 

2900 

6 

2Kh-4  j  2KhV-4 

5.5 

53 

2900 

5 

4KhG-6 

2Kh-4P 

4KhGV-6 

• 

2KhV  -  4P ;  2KhP  -  4 

4KhG-7x2 

25 

143 

2900 

6 

2KhG-5x2 

5.5 

80 

2900 

5 

4KhGV-7x2 

2KhGV-5x2 

4Kh-9  ?  4KhV-9 

25 

49 

2900 

6 

2KhG-6x2 

5.5 

61.6 

2900 

5 

4KhG-9 
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[continuation  of  table] 

2KhGV-6x2 

r 

4KhGV-9 

2Kh-6;2KhV-6 

5.5 

30.8 

2900 

5 

4KhP-9 

2Kh-6P 

i 

4Kh-12 

25 

33.5 

2900 

6 

2KhV-6P 

4KhV-12 

2KhG-  6 ;  2KhGV  -  6 

4KhG-12 

2KhP-6 

4KhGV-12 

2Kh- 9 ; 2KhV - 9 

5.5 

18 

2900 

5 

4KhP-12 

2Kh-9P 

4Kh-18 

25 

19.5 

2900 

6 

2KhV-9P 

4KhV-18 

2KhG- 9 

4KhP - 1 8 

2KhGV-9 

5KhP-6 

45 

49.5 

1450 

4.5 

2KhP - 9 

5KhP-9 

45 

29 

1450 

4.5 

3Kh-3F 

5.5 

30.8 

1450 

4 

5Kh-12 ; 5KhV-12 

45 

49.5 

2900 

8 

3KhV-3F 

5Kh-18 ; 5KhV-18 

45 

29 

2900 

8 

3Kh-6x2 

12.5 

108 

2900 

5 

5Kh-24 ; 5KhV-24 

45 

119.7 

2900 

8 

3KhV-6x2 

7KhP-9 

80 

[42.1 

1450 

6 

3Kh-6;3KhV-6 

12.5 

54 

2900 

5 

7KhP-12 

80 

'  29 

1450 

6 

3Kh-6P 

8Kh-6;8KhV-6 

80 

72.5 

1450 

6 

3KhV-6P 

8Kh-9 ; 8KhV-9 

80 

42.2 

1450 

6 

3KhG- 6 

8Kh-12;8KhV-12 

80 

28.9 

1450 

6 

3KhGV-6 

3KhP-6 

3KhG-7x2 

12.5 

90 

2900 

5 

9KhP-9 

150 

37.2 

960 

i  6 

3KhGV-7x2 

3Kh-9; 3KhV-9 

12.5 

31 

2900 

5 

9KhP-12 

150 

25.3 

960 

6 

2Kh-9; 3KhV-9 

5 

9KhP-12 

150 

44 

1450 

10 

3Kh-9P 

3KhV-9P 

9K.hP-18 

150 

25.3 

1450 

10 

3KhG-9 

10Kh-9 ; 10KhV-9 

150 

37.2 

960 

6 

3KhGV-9 

3KhGV-9 

10Kh-12 

150 

25.3 

960 

.  6 

3KhP-9 

3Kh- 1 2 

12.5 

21.1 

2900 

5 

3KhV-123Kh-12P 

i 

1 

3KhV-12P 

Note:  1.  In  order  to  avoid  cavitation,  increase 

.in 

pressure  of 

the 

liquid  at  the  entrance  to  the  pump  ,  the  height  of  suction 
is  diminished  or  backwater  is  used.  The  quantity  Ah 
is  the  permissible  height  of  suction  (or  minimum  bacR?n 
water)  necessary  for  cavitation-free  operation  of  the 
pump  (expressed  in  meters  of  colum  of  pumped  liquid) . 

2.  The  designation  of  the  pump  type-size  includes:  a) first 
number  is  the  diameter  (in  mm)  in  the  intake  (for  KhP 
type  pump8--the  pressure)  connection  reduced  25-fold;  b) 
trie  capital  letters  (before  the  hyphen)  designate  the 
type  (for  pump  with  vertical  arrangement  of  the  shaft, 
trie  letter  V  is  added  to  the  designation) ;  c)  the  numbers 
after  the  hyphen  are  the  coefficient  of  high  speed  reduced 
10-fold;  d)numbers  after  the  multiplication  sign  are  the 
number  of  stages  (if  there  are  two  and  more);  e)  the 
capital  letters  after  the  number  of  stages  (and  if  the 
pump  is  one-stage,  then  after  the  coefficient  of  high 
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speed)  is  the  conventional  designation  of  nonmetal  materials 
of  which  the  parts  of  the  flow-through  part  are  made  (P--plastic, 
F--porcelain ,  ceramic  or  graphite).  The  absence  of  these 
letters  means  that  the  oarts  of  the  flow-through  part  are  made 
of  metals.  When  the  parts  are  made  of  metals,  as  well  as  when 
different  coatings  are  applied,  it  is  permitted  to  add  the  con¬ 
ventional  designation  set  by  the  approved  technical  documents , 
instead  of  the  letter. 
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Figure  III-33.  Parameters  of  Pumps  of  Type  Kh  with  Parts  of 
the  Flow-Through  Part  Made  of  Metals 
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Copper-anmonia 
solution  (at 
25*0 

Copper- ammonia 
solution  (at 
20-20*0 
4Z  ammonia 
water 

Liquid  ammonia 
(from  -5  to 
•*■30*0 

351  nitric  acid 
(at  20-40*0 


Mixture  of  li¬ 
quid  nitric 
oxides  with  ni¬ 
tric  acid  (from 
-2  to  *-15*0 


Horizontal , three- 
plunger  with  drive 
from  reducer 

Horizontal , four- 
plunger 

Horizontal .  three 
plunger 

Horizontal ,  three- 
plunger  ,  with  elec¬ 
tric  drive .  con¬ 
trollable 

Horizontal .three- 
plunger.  with  elec¬ 
tric  drive,  con¬ 
trollable 

Horizontal  triple 
action  with  drive 
from  electric 
motor  through 
worm  globoid  reducer 


T-25/34Q 


6H-CZ1-FPE 


SIGMA  CHTP- 
25/70-CZ1-FE 

KhTR-1 . 5 /200A 


KhTP-8/110A 


KhT-8  /52A 


051- 

(« 


07S— 
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4— • 


102- 

205 


Ueltt 


TO 5 


2  ton 


•1330 


lltt* 


541 
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f continue t ion  of  table) 


Water 

Horizontal,  three- 
plunger 

GA- 364 

1.2 

.120 

- 

3H» 

30 

ft) 

1  (Ol 

208ii 

83.7 

Liquid  aimonia 
(at  40*C) 

Horizontal  ,  four 
plunger 

SIGMA  6N-C7.L- 
COC  F/2PE 

.12.1 

230 

15 

138 

70 

280 

3250 

3  MO 

1  ini 

25 l  ammonia 
water  (at  36’C) 

Horizontal .  three- 
plunger 

SIGMA  CHNP-111 
5/50  C5-FE 

3 

25 

t 

240 

45 

SO 

900 

758 

57n 

Liquid  anvnonia 
(at  25®C) 

Horizontal  three- 
plunger 

SIGMA  lH-CZL-ax- 
FE 

8 

200 

7- 

15 

184 

48 

- 

1810 

2000 

toon 

Solution  of 
ammonium  carbo¬ 
nate  (at  60"C) 

Horizontal  three- 
plunger 

SIGMA  CHNP  85/140 
-D4-FVE 

13-24 

25 

2 

A*’- 

98- 

180 

88 

140 

2120 

(  300 

(170 

Solution  of 
anroonium  carbo¬ 
nate  (at  90*0 

Vertical  three- 
plunger 

VTE-H79xl 52 

1*5 

200 

It 

148 

79 

182 

1840 

1350 

30m 

Solution  of 
anoonium  carbo¬ 
nate  (at  55®C) 

Vertical  three- 
plunger 

VTE-257xl27 

10 

25 

2 

180 

57 

in 

1147 

1  inn 

1980 
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Figure  III-34.  Parameters  of  Kh  Tyne  Pumps 
with  Parts  of  Flow-Through  Section  Made  of  Plastic 
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Figure  III- 36.  Pairametes  of  KhG  Type  Pumps  with  Parts  of 
Flow-Through  Section  Made  of  Metals' (N--useful  power  of  pump 
with  specific  weight  of  liquid  1000  kg-f/nr) 


Pressure  Vessels 


62-65 


The  phenomena  of  metal  creep  ,  hydrogen  corrosion  and  nitriding 
of  the  inner  surface  of  the  apparatus  or  pipeline  are  especially 
dangerous  for  equipment  that  operates  under  conditions  of  high  pres¬ 
sures  (Pp £  -320  atm  and  higher) . 

It  has  recently  been  found  that  during  transporting  of  a  nitro¬ 
gen-hydrogen  mixture  that  contains  ammonia  (for  example,  circu¬ 
lation  gas  of  synthesis) ,  at  high  pressure  and  temperature  above 
300°C,  the  phenomenon  of  nitriding  of  steel  is  observed  (effect 
of  atomic  nitrogen) .  The  solid  nitride  film  that  is  formed  in 
this  case  is  exposed  to  brittle  cracking.  In  the  final  analysis, 
this  may  rasult  in  destruction  of  the  apparatus  housing  or  the 
pipeline. 
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150  i 


H,n 
,15 C 

l;r< 


*bhf£5M'  ***99*? AfaffSn  Ah^~£p* 

Figure  III- 37.  Parameters  of  KhP  Type  Pumps  with  Parts  of  Flow- 
Through  Section  Made  of  Metals 

Conducted  studies  have  shown  that  high-alloy  steels  of  type 
25/20  (25%  Cr ,  20%  Ni)  are  less  exposed  to  nitriding,  however  there 
are  still  no  sufficient  data  on  this  question. 

In  order  to  protect  steel  from  nitriding  ,  it  is  possible  to 
use  lining ,  for  example ,  copper  or  aluminum. 

High  pressure  equipment  is  conventionally  divided  into  "cold" 
operating  at  temperatures  to  200°C,  and  "hot"  operating  in  tempera¬ 
ture  intervals  from  200  to  400  °C  and  higher. 

The  "hot"  units  include  synthesis  columns  for  ammonia  and 
methanol,  columns  of  precatalysis,  hydrogenation,  etc.  The  housing 
of  the  "hot"  units,  covers,  packing  (pressure)  rings  are  made  from 
steel  25Kh3NM  according  to  RTM  121-65. 

The  chemical  composition  of  steel  25Kh3NM  (in  %)  must  satisfy 
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the  following  requirements : 


c 

0.15-0.35 

Mo 

0.25-0.6 

Si 

0.17-0.37 

P 

no  mere  than 

0.045 

Mn 

0.25-0.55 

S 

no  more  than 

0.04 

Cr 

Ni 

3. 0-4.0 

0. 6-2.0 

P  +  S 

no  more  than 

0.07 

In  order  to  increase  the  resistance  of  steel  to  hydrogen 
corrosion  at  high  pressures  and  temperatures ,  it  is  necessary  to 
have  the  minimum  content  of  nickel  and  carbon  and  the  maximum  of 
chrome. 

Pins  of  the  main  fastening  are  made  of  steel  25KhlMF  (GOST 
10500-63);  nuts  are  made  of  steel  30KhMA  (GOST  4543-61);  washers 
are  made  of  steel  30Kh(GOST  4543-61).  The  chemical  composition  of 
the  listed  brands  of  steels  must  correspond  to  the  indicated  GOSTs 

The  "cold"  units  include  condensation  columns ,  oil  filters , 
scrubbers ,  separators  and  other  apparatus .  The  housings  of  the 
"cold"  apparatus,  covers,  packing  (pressure)  rings  are  made  of 
boiler  steel  of  brand  22K  according  to  TUKhK  1-00  of  the  Izhorskiy 
Plant  according  to  RTM  121-65. 

■v 

The  pins  and  nuts  of  the  main  fastening  are  made  of  steel 
30KhMA  and  40Kh ,  and  the  washers  are  made  of  steel  30Kh. 

The  material  in  the  parts  of  the  high  pressure  vessels  in  the 
form  of  forged  pieces  must  correspond  in  mechanical  properties  to 
the  requirements  presented  in  table  III-86. 


Figure  III- 38  shows  the  high  pressure  apparatus  of  different 
shape  used  in  the  nitrogen  industry.  Depending  on  the  purpose  and 
diameter,  apparatus  of  a  certain  shape  is  used: 

Apparatus 


Columns  of  synthesis  o 
ammonia  and  methanol 

Condensation  columns 
Filters  and  separators 
Scrubbers .copper- ammonia 
and  alkali 


T» 


The  following  forms  of  housings  are  the  most  frequently  used 
for  "cold"  apparatus:  for  condensation  columns:  type  A;  for 
copper-ammonia  and  alkali  scrubbers:  type  B;  for  filters  and 
separators:  type  C. 


TABLE  III-86 .  MECHANICAL  PROPERTIES  OF  STEEL  FORGED 
PIECES  FOR  MAKING  PARTS  OF  HIGH  PRESSURE  VESSELS 


1 

2. 

Z 

¥ 

3 

OTMOcmsb* 

OTHOOBTea^ 

7 

Mapaa 

C1UB 

Tenue_p*Typ» 

IlpaacJi 

npOMHOCTB 

1 UC/MM* 

npeoM 

TCHYHCCTB 

1 UC/MM* 

BO# 

7ABBK0M8# 

% 

HO# 

cymeHB# 

% 

Voapaaa 

MUKOOtk 

HMC'M/CM* 

25Kh3NM 

20 

>65 

>50  ' 

>15 

>32 

5 

300 

>58 

>37 

-  I 

— 

— 

25KhlMF 

20  1 

85 

65  j 

15 

40 

8 

3C0 

- ■ 

50 

— 

— 

— 

400 

45 

— 

— 

— 

30KhMA 

20 

75 

55 

14 

42 

7 

300 

40 

— 

— 

— 

400 

— 

35 

— • 

— 

— 

30Kh 

20 

300 

70 

50 

35 

14 

42 

8 

22K 

400 

32 

— 

— 

— 

— 

>44 

>22 

>20 

>48 

>5 

40Kh 

>70 

>50 

>14 

>42 

6 

Key : 

1 .  Brand  of  steel 

2.  Temperature  ,°C  2 

3.  Ultimate  strength,  kg-f/mm 

4.  Yield  limit,  kg-f/mnr 

5.  Relative  elongation, % 

6.  Relative  constriction ,%  2 

7.  Impact  viscosity,  kg-f  x  m/cm 


a  b 


Figure  III-38.  Shapes  of  Housings  of 
High  Pressure  Apparatus 


Below  are  certain  formulas  for  computing  the  parts  of  high 

pressure  apparatus  (fig.  III-39).  In  all  the  formulas,  [o]  is  the 

2 

permissible  tension  (in  kg-f/mm  ). 
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<  . 


t«I— 2*-  ^  l°l— J 

n,  * 

where  o  and  o_,--  resr.  ■  tively  the  ultimate  strength  and  yield 

2, 

limit  in  stretching,  kg-f/mm  ; 
nfe  and  rLp- -margin*  of  strength  respectively  for  ultimate 
strength  and  yield  limit. 


Determination  of  Thickness  of  Housing  Wall 

S = <(WD  +  C)  UJ  - 1)  +  c  +  ct 

where  C- -addition  for  corrosion; 

(^--addition  for  permissible  deviations  from  inner  and  outer 
diameters ; 

3--coef f icient  of  thick-wall ,  whereupon 


here  P--working  pressure  in  apparatus,  atm.; 

^--coefficient  strength  of  welded  seam; 
nft  =2.6;  nT=1.5. 


Determination  of  Height  oc  Roof 


where  Q- -calculated  force  (in  kg-f)  equal  to  Q4  +  Qn  ; 

Here  Q a  — equivalent  tore*  of  inner  pressure; 

Qn  — component  cf  equivalent  force  of  inner  pressure  on 
packing; 

-  3.5. 

Determination  of  Diameter  of  Pin  Neck 


r  \ kQ 
m  |o] 


+  <*.’ 


where  k--coeff icient  that  takes  into  consideration  the  torque 
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Figure 

Flange 

Key: 

a. 

b. 

c . 

d. 
D. 

D  and  H. 
D1  ’®cp  ,D2  * 
D^and  Dj- . 

S  and  S, 

di 


III- 39.  Basic  Dimensions  Needed  to  Compute 
,  Cover ,  Bottom  and  Gates  of  Varying  Design 


With  metal  packing  of  triangular  section 
With  flat  metal  packing 

With  two-cone  packing  ring  and  packing  made 
of  sheet  aluminum 

With  basic  fastening  in  form  of  coupling  made 
of  two  halves 

inner  diameter  of  apparatus 

outer  diameter  and  height  of  roof  respectively 
inner ,  middle  and  outer  diameter  of  packing  respec¬ 
tively 

Diameter  of  circumference  of  pin  and  presssure  bolts 
respectively 

Thickness  of  wall  of  housing  and  bottom  respectively 
Diameter  of  opening  for  pin  and  for  pressure  bolt 
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and  dr.  Diameter  of  pin  neck  and  pressure  bolt  resectively 
d,.  .  Diameter  of  hole  in  cover. 


during  tightening  of  the  pin; 
dfl —  diameter  of  central  hole  in  pin; 

z —  number  of  pins; 

Oj.  =  2  -  2.25. 


Determination  of  Thickness  of  Bottom 

(0|<p 

where  P-~working  pressure  in  apparatus  ,  atm.  ; 

^--coefficient  of  strength  of  welded  seam; 
n  6  =2.6;  Up=l .  5 


1200' 


Figure  III-40.  High  Pressure 
Housing  for  Column  of  Ammonia  and 
Methanol  Synthesis 

Key: 

a.  With  main  fastening  in 
form  of  pins  and  detachable 
bottom 

b.  With  main  fastening  in  form 
of  coupling  of  two  halves  and 
welded  bottom 


Figure  III-41.  Types  of  High 
Pressure  Vessels  Depending  on 
Method  of  Their  Fabrication 

Key: 

a.  Forged-welded 

b.  Stamped-welded  (stamp- 
U- shaped,  made  of  thick 
sheet  rolled  piece  and 
longitudinal  welding 
of  them) 

c.  multilayer 


Calculation  of  the  high  pressure  housings  is  done  according 
to  RTM  121-65. 


Depending  on  the  conditions  for  the  use  of  high  pressure 
vessels,  there  are  different  methods  of  making  them. 


Recently ,  because  of  the  installation  of  large  units  for 
ammonia  synthesis  (over  1000  T  of  NH^  per  day)  ,  high  pressure 
columns  are  used  with  large  internal  diameter  (over  2000  mm)  made 
by  the  method  of  rolling  (multilayer)  which  make  it  possible  to 
obtain  the  housing  of  columns  of  unlimited  dimensions. 

Calculation  of  Pipes  under  Internal  Pressure*^ 


The  thickness  of  the  wall  of  pipe  S  (in  mm); 
o,p 


with 

p 

~  <  0.4 

with 

p 

—  2s  0.4 

a. 

2<Jxy+P 


+c 


10 


+c 


The  pressure  in  the  pipe  wall  during  hydraulic  testing  a  (in 
kg-f /mm^) ; 


tP.-HS— Q)  P. 

2(i  — C)<p 


? 

where  P--working  internal  pressure,  kg-f /cm  ; 

2 

PM  — calculated  internal  pressure  in  testing,  kg-f /cm  ; 

2 

aa  --permissible  pressure  in  stretching,  kg-f /mm  ; 

Du  and  DB  --outer  and  inner  diameters  of  pipe  respectively,  mm; 
^--coefficient  of  strength  in  axial  direction; 

C--addition  for  calculated  thickness  of  wall ,  mm: 

C=Ci+C»  +  C» 

here  ^--addition  for  corrosion,  mm; 

C2"-addition  for  erosion  (if  there  is  any)  ,  mm; 
^--addition  for  minus  tolerance  for  sheet  thickness,  mm. 
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1_.  Steel  Gas  Holders  v?ith  Water  Basin^ 

Steel  gas  holders  with  a  water  basin  (wet  gas  holders)  of  low 
pressure  and  variable  volume  are  designed  for  storing  ,  regulatir^ 
the  consumpion  and  pressure  of  gases:  argon,  nitrogen,  oxygen, 
hydrogen,  ammonia,  methane,  acetylene,  fractions  of  carbon  monoxide, 
carbon  dioxide,  gas-generator,  converted,  coking  and  other  gases 
that  do  not  cause  strong  corrosion  of  the  metal. 

Wet  gas  holders  have  become  the  most  popular  in  the  chemical 
industry  and  a  number  of  other  sectors  because  of  the  simplicity 
of  design  and  the  great  safety  of  operation  as  compared  to  dry. 

The  component  parts  of  the  wet  gas  holder  are: 

tank  (water  basin) ; 

bell  (mobile  tank  without  bottom) ; 

telescope  (in  two-,  three-  and  multiple-link  gas  holders  , a 
mobile  tank  without  bottom  or  cover) ; 

internal  and  external  guides  (vertical  or  screw)  for  moving 
the  bell  and  the  telescope  using  rollers  installed  above  and  below 
them. 


When  the  gas  holder  is  filled,  the  bell  is  lifted  under  the 
influence  of  gas  pressure;  with  further  filling  of  gas,  the  bell, 
attached  by  a  lower  gate  to  the  upper  gate  of  the  telescope ,  lifts 
it.  In  this  case  the  water  from  the  water  basin  is  captured,  and 
as  a  result,  a  gas- impermeable  hydraulic  gate  is  formed. 

The  bell  and  the  telescope  of  the  gas  holder  are  elements 
which  create  and  maintain  gas  pressure  in  the  gas  holder.  The 
minimum  gas  pressure  under  the  bell  equals  125,  the  maximum  equals 
400  mm  wat.  col. 

The  wet  gas  holders  are  divided  by  design  into  gas  holders 
with  vertical  guides  (see  fig.  III-42,a)  and  gas  holders  with 
screw  guides  (see  fig.  III-42,b). 
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Gas  holders  with  vertical  guides  are  manufactured  with  capacity 
from  100  to  30,000  according  to  standard  plans  7-07-01/66- 
7-07-10/66  that  were  developed  by  the  GIAP  jointly  with  the  Central 
Scientific  Research  ar.-‘  Planning  Institute  for  Desinging  Steel 
Structural  Parts  and  the  institute  "Proyektkhimzashchita. "  Gas 
holders  with  screw  guides  are  manufactured  with  capacity  from  1000 
to  30  ,000  m^  according  to  standard  plans  7-07-30-7-07-36  developed 


by  the  same  institutes: 


With  vertical  guides 
(manufactured  in  1966) 

With  sen 
(manufacl 

2w  guides 
tured  in  1964) 

Capacity  of 
gas  holder 
m^ 

Number  of 

standard 

plan 

Capacity 
of  gas  3 
holder  m 

i 

Number  of 

standard 

plan 

100 

7-07-01/86 

1000 

300 

7-07-02/66 

3000 

600 

7-07-03/68 

6  000 

1000 

7-07-04/66 

10000 

3000 

7-07-05/66 

15000 

6000 

7-07-06/66 

20000 

10000 

7-07-07/66 

30  000 

15  000 

7-07-08/66 

20000 

7-07-09/86 

30000 

7-07-10/66 

7-07-30 

7-07-31 

7-07-32 

7-07-33 

7-07-34 

7-07-35 

7-07-30 


r 


Figure  III-42.  Gas  Holders  with 
Vertical  (a)  and  Screw  (b)  Guides 

Key: 

1.  Gas  input  shelter 

2 .  Tank 

3.  Bell 

4 .  Lightning  protection 

5.  Vertical  guides 

6.  Rollers 

7 .  Screw  guides 

8.  Telescope 


Determination  of  Gas  Pressure  in  Gas  Holder 


n 


Gas  pressure  in  the  gas  holder  with  upper  position  of  the  bell 
without  telescope  is  roughly  determined  by  the  formula: 


kg-f /m2 


(or  ram  wat. 


col. ) 


where  — weight  of  bell,  kg-f; 
F--area  of  bell  base,  m2. 
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where  ^--diameter  of  bell,  m. 
Then: 


P=  o.7^5g«~ ~ 1,273 Tf~  kg-f/m^  (or  mm  wat.  col.) 

The  minimum  gas  pressure  under  the  bell  (when  one  bell  is 
lifted)  is  determined  bv  the  formula: 


For  gas  holders  with  telescope  in  the  working  position,  the 
pressure  in  the  gas  holder  with  regard  for  losses  from  submersion 
of  the  telescope  and  the  bell  into  the  water  and  the  difference  in 
densities  of  air  and  gas  are  determined  from  the  formula: 

[<?.+<?*+»— 

where  P--pressure  of  gas,  mm  wat.  col.; 

Qk ,  Qt — weight  of  bell  and  telescope  respecitvely ,  kg-f; 

g--weight  of  water  in  hydraulic  gate  of  telescope,  kg-f; 
and  Q^.- -respectively  the  weight  of  the  submerged  part  of  the  bell 
and  the  telescope,  kg-f; 

vk’  vT— respectively  the  volume  of  the  bell  and  the  telescope,  m^; 
yr  Yr — respectively  the  specific  weight  of  air  and  gas  under  normal 
conditions  ,  kg-f lw? ; 

3 

7.85 — specific  weight  of  steel,  kg-f/m  . 


The  gas  pressure  in  the  gas  holders  is  not  constant.  It 
depends  on  the  position  of  the  bell  and  the  telescope.  If  necessary, 
the  pressure  can  be  increased  by  additional  loading  on  the  bell 
using  pig  iron  and  concrete  loads.  The  weight  of  the  additional 
load  x(in  kg-f)  with  an  increase  in  pressure  by  a  mm  wat.  col.  is 
determined  from  the  equation: 

iLfjm-Q, 


Tara 
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y±.. 


where  Qk--weight  of  bell,  kg-f; 

P--gas  pressure  under  bell,  nun  wat.  col. 

Calculation  of  Volume  of  Gas  Holder 

The  useful  volume  of  wet  gas  holders  is  determined  as  follows. 
For  a  one- link  gas  holder 

»*0.t8S£1  (#,-*•) 

where  v--volume  of  gas  in  gas  holder,  m  ; 

,  H^--diameter  and  height  of  bell,  m; 

Here  hn--height  of  column  of  liquid  corresponding  to  the  greatest 
gas  pressure  in  the  gas  holder,  m; 

h  --addition  of  2mm  for  every  1000  mm  of  bell  diameter. 


Figure  III- 43.  Determination  of  Useful  Volume 
of  Gas  Holder 

Key: 

a.  One- link 

b.  Two- link 

c.  Three- link 

Figure  III-43  shows  the  dimensions  necessary  for  determining 
the  useful  volume  of  the  gas  holder  <Dp  and  Hp — diameter  and  height 
of  tank) . 

For  a  two- link  gas  holder 

»  -  0.7MDS/T, + 0.785 Of 
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where  and  H^--diatneter  and  height  of  bell,  m; 

Dt  and  Ep--diarneter  and  height  of  telescope,  m; 
h--height  of  bell  dish,  m; 

For  a  three- link  gas  holder 

i>=0.7855*fft+0.785/>*i(ff,,-*)+0.7855?i(tf,1-*l-''u) 

where  and  — diameter  and  height  of  bell ,  m; 

and  H,^-- diameter  and  height  of  first  telescope,  m; 
and  HT2-~diameter  and  height  of  second  telescope,  m; 
h  and  h^--height  of  bell  dish  and  telescope,  m; 

*0  =  *»  +  *» 

Selection  of  Gas  Holder  Capacity 


In  the  majority  of  cases,  the  capacity  of  the  gas  holders 
is  selected  from  a  calculation  of  the  gas  reserve  needed  to 
guarantee  operation  of  the  consumer  for  10-60  min. 


3 

The  capacity  of  the  gas  holder  (in  m  )  is  determined  based 
the  time  needed  to  stop  the  compressors  and  the  gas  blowers  when 
gas  stops  coming  into  the  gas  holder: 


"To 


3 

where  Q-- consumption  of  gas,  m  /h; 

t--time  of  emptying  gas  holder,  mins 
0. 8- -coefficient  of  useful  volume  of  gas  holder. 


Table  III-87  presents  the  overall  dimensions  and  weight  of 
the  one-,  two-  and  three-link  gas  holders. 


The  tank  is  filled  with  water  from  an  industrial  water  line 
The  overflow  pipeline  from  the  gas  holder  is  connected  to  the 
industrial  drainage  system. 
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TABLE  III-87.  MAIN  DIMENSIONS  AND  WEIGHT  OF  GAS  hOLDERS 


4' 

j 

§ 

1  „ 

Paauepw.  mm 

• 

7  i 

2 

.5 

4' 

ft 

? 

3 

3 

4 

5 

< 

gl 

s  . 

u 

J 

peMpiyap 

KoaoHoa 

aeptuM  Turacnon 

■to  pot  wacKoo 

5  x 

m  *  - 

:  j3 

3*e 

s 

r« 

D, 

a. 

°t. 

"t, 

'  «». 

lh 

iis 

s 

s 

,0C 

b  e  p  t  ■  k  a  ji  b  ■  u  m  i 

■  anpBBJt*»im>iB 

100 

7  400 

3  450 

6  600 

3845 

_ 

_ 

7480 

220 

14 

300 

9  308 

5920 

8500 

5  715 

— 

— 

— 

— 

12555 

200 

27 

600 

11480 

7  390 

10680 

7150 

— 

— 

— 

— 

15435 

200 

40 

-1000 

14  500 

7  390 

13  700 

7140 

— 

— 

— 

— 

15436 

170 

55 

3000 

21050 

9800 

20250 

9550 

— 

— 

— 

— 

20258 

150 

120 

0000 

26  900 

11750 

26  100 

11455 

— 

— 

— 

24  358 

150 

211 

10000 

28140 

9  800 

26100 

9420 

27  120 

9  400 

— 

— 

29  588 

160 

276 

15  000 

31  170 

11  750 

29  050 

11  350 

30110 

11350 

—  • 

— 

35  538 

160 

354 

20000 

35  800 

11  750 

33  700 

11350 

34  780 

11350 

— 

35  538 

140 

416 

30000 

43  000 

11  750 

41400 

11310 

42  500 

11330 

— 

35  538 

125 

624 

C  flHITOBUKI  H  a  n  p  a  B  a  H  10  m  H  M  u 


1000 

16450 

5820 

15  350 

5660 

__ 

10990 

160 

64.7 

3000 

24550 

7400 

23  450 

7200 

—  I 

— 

— 

— 

14050 

130 

1223 

8000 

25  650 

7400 

23  450 

7188 

24  550 

7188 

— 

— 

20440 

150 

183.4 

10000 

31700 

7  850 

29  500 

7630 

30600 

7650 

— 

— 

21790 

150 

255.6 

15000 

38  200 

7850 

36000 

7660 

37 100 

*  7638 

— 

— 

21  790 

140 

333.3 

20000 

39  300 

7000 

36  000 

6780 

37100 

6788 

38200 

6788 

25  280 

135 

397.5 

30000 

44900 

7850 

41600 

7630 

42700 

7638 

43800 

7638 

28680 

130 

525.8 

Key: 

1. 

2. 

3. 

A. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 


3 

Capacity  of  gas  holder ,  m 

Dimensions ,  mm 

Tank 

Bell 

First  telescope 
Second  telescope 

Total  height  of  steel  structures ,  mm 
Minimum  gas  pressure,  mm.  wat.  col. 
Total  weight ,  T 
With  vertical  guides 
With  screw  guides 


Note:  1. 

2. 


Maximum  gas  pressure  is  500  mm  wat.  col. 

The  total  weight  only  includes  the  weight  of  the  steel 
structures . 


Plans  of  Gas  Inlet  _of  Gas  Holder 

The  gas  holders  can  be  connected  in  technological  plan  to  a 
"dead  end"  or  to  a  "passage"  with  discharge  and  without  discharge 
of  the  surplus  gas  into  the  atmosphere. 

The  plan  for  connecting  the  gas  holder  to  a  "dead  end"  and  to 
a  "passage"  with  discharge  of  the  gas  into  the  atmosphere 
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TABLE  III-88.  DIAMETERS  OF  GAS  PIPELINES  AND  WATER 
PIPELINES 


i  !  .£  amnerp  1  .  i  j  / 

Esmocik  |  ZU.HMPTP  ,Eal|wo-  j  EMKOCTb 

raara.ib-  1  rnaoBoro  ,  _  1DWWH-  pasroAb- 

j  eaoaa  i  P*c*  aepa 

*•  I  mm  CJIffM  *0«10«H  “jr 

I  BOflW  1 

C  BipTHKa jibHumi  HanpiBJiiiM)-  II  C  11 

IQHMH  I 


*  *  ^naurrp 

fTtMHMit  TpyOonpo-  EfliiHO- 

JXwmcr  p  booob.  mm  •pmeii- 

raaotoro  mart 

B900M  no.M  *  pacxot 

mm  na„m  CJIUBB  BOflU 


ITOBUMH  HanpaBJlBIO- 
miMi 


100 

200 

80 

100 

150  1  000 

400 

80 

100 

300 

200 

80 

100 

430  3  000 

600 

125 

150 

800 

400 

80 

100 

770  6  000 

600 

150 

200 

1000 

400 

80 

100 

1  220  10  000 

800 

150 

200 

3000 

600 

125 

150 

3  410  15  000 

1000 

200 

200 

* 

6  000 

600 

150 

200 

6  700  20  000 

1200 

200 

250 

10000 

800 

150 

200 

8  180  30000 

1200 

200 

300 

15  000 

1000 

200 

200 

9000  1 

20000 

1200 

200 

250 

11900  ; 

30000 

1200 

200 

300 

17  500 

Note: 


*1.  Capacity  of  gas  holder,  nr 

2.  Diameter  of  gas  inlet,  mm 

3.  Diameter  of  pipelines,  mm 

4.  Water  supply 

5.  Water  overflow  - 

6.  One-time  water  consumption ,  nr 

7.  With  vertical  guides 

8.  With  screw  guides 

The  useful  volume  of  the  gas  holder  is  80%  of  its  rated 
capacity. 

The  diameters  of  the  gas  inlets  are  taken  from  the  con¬ 
dition  of  minimum  losses  of  gas  pressure  in  the  gas 
line  xfhich  must  not  exceed  30-50  mm  wat.  col.  For 
gases  with  density  of  1  kg/m  ,  these  losses  are  obtained 
with  gas  velocity  in  the  gas  line  of  roughly  8-10  m/s. 

In  designing  the  gas  inlets  ,  it  is  taken  into  considera¬ 
tion  that  the  normal  velocity  of  movement  of  the  mobile 
links  (bell,  telescope)  on  the  vertical  must  not 
exceed  1.5  m/min. 


(fig.  III-44)  is  used  for  all  gases,  except,  those  whose  discharge 
into  the  atmosphere  is  not  allowed:  gas  mixtures  with  content  of 
ammonia,  methane  and  CO  higher  than  3.5%  vol.  and  acetylene  over 
15%  vol. 

The  plan  for  connecting  the  gas  holder  to  a  "dead  end"  and 
to  "passage"  without  discharge  of  gas  into  the  atmosphere  (fig. 
III-45)  is  used  for  gases  and  gas  mixtures  whose  discharge  into  the 
atmosphere  is  not  allowed. 
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Figure  III-44.  Plan  for  Connecting 
Gas  Holder  with  Discharge  of  Gas 
into  the  Atmosphere 


Figure  III -45.  Plan  for  Con¬ 
necting  Gas  Holder  without 
Discharge  of  Gas  into  the 
Atmosphere 
Key: 


a. 

to  "dead  end" 

a. 

to  "dead  end" 

b. 

to  "passage" 

b. 

to  "passage" 

1. 

tank 

1. 

tank 

2. 

bell 

2. 

bell 

3. 

relief  device 

3. 

relief  device 

4. 

gas-discharge  pipe 

4. 

gas  riser 

5. 

valve  box 

5. 

hydraulic  gate 

6. 

hydraulic  gate 

6. 

gas 

7. 

gas  riser 

8. 

lifting  device 

9. 

gas 

Construction  Designs;  Heating  and  Ventilation 

The  foundation  under  the  gas  holder  consists  of  a  ground  fill, 
a  sand  cushion,  insulation  layer  and  protective  layer  made  of  sand. 
The  foundation  of  the  precast  monolithic  structure  under  the  tank 
wall  is  made  in  the  form  of  a  ring.  The  walls  of  the  heated 
shelter  (chamber)  are  brick.  The  areaway,  tunnel  and  designs  of 
the  between- story  flooring  are  made  of  monolithic  reinforced 
concrete.  The  roofing  is  made  of  precast  reinforced  concrete 
elements.  The  heating  wall  of  the  gas  holders  is  made  of  brick 
on  a  foundation  beam. 


The  gas  holders  are  heated  to  maintain  in  the  tank  and  the 
hydraulic  gate  of  the  telescope  water  temperature  no  lower  than 
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+5°C.  The  heat  carrier  is  saturated  steam  with  absolute  pressure 
of  4  atm.  Depending  on  the  duration  of  the  heating  season  and  the 
cost  of  the  steam,  the  gas  holders  can  be  used  without  heating  of 
the  tanks  (for  regions  with  calculated  winter  temperature  to  -20 
-  -30°C)  and  with  heating  of  the  tank  by  a  brick  wall  (for  regions 
with  calculated  winter  temperature  below  -20-  -30°C) .  Table  III-89 
presents  the  consumption  of  steam  to  heat  wet  gas  holders  under 
winter  conditions . 

The  chamber  of  the  gas  inlet  provides  for  intake  mechanical 
ventilation  in  the  inner  areaway  in  a  volume  of  10-12-fold  the 
volume  per  hour.  This  ventilation  is  periodic.  It  is  turned  on 
for  10  min  before  the  entrance  of  the  service  crew  into  the  gas 
inlet  chamber. 

Electrical  Equipment  and  Lightning  Protection:  Protection  from 
Corrosion 


The  electrical  power  is  supplied  to  the  gas  holder  by  one 
seven-cable  line  for  380/220  V.  The  gas  holder  is  protected  from 
direct  lightning  strikes  with  the  help  of  lightning  receivers 
installed  on  the  pipes  of  gas  discharge  and  outer  guides  of  the 
gas  holder  (in  this  case  it  is  necessary  to  create  a  ground  with 
total  resistance  of  no  more  than  10  Ohm).  The  production  equip¬ 
ment  and  the  pipelines  are  protected  from  static  electricity  by 
reliable  grounding  by  connection  to  the  nearest  grounding  device 
of  lightning  protection. 

Depending  on  the  climate  conditions  and  the  gas  in  the  gas 
holder,  three  methods  are  possible  for  antieorrosion  protection 
of  the  metal  structures . 

First  method:  use  of  protective  liquid  and  partial  coating 
with  varnish  177  and  paint  AL-177; 

Second  method:  coating  made  of  perchlorovinyl  materials  and 
red  lead  on  natural  tin; 

Third  method:  coating  made  of  red  lead  and  iron  oxide  on 
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natural  tin. 


Below  are  the 
holders  of  varying 


recommended  methods  of  protection  for  gas 
purpose : 


For  storage  of  argon,  nitrogen,  hydrogen, 
carbon  dioxide ,  water  ,  air ,  converted , 
gas-generator  gases ,  mixture  of  hydrocarbon 
and  water  gases 

For  storage  of  gases  of  hydrogenation,  methane 
and  other  hydrocarbon  gases 
For  storage  of  ammonia 


For  storage  of  oxygen 


Methods 


1.2.3 

1.3 

1,2,3  (inner 
surface  of 
housing  and 
cover  of  bell 
not  protected) 
3  (first  and 
second  cannot 
be  used) 


Control  and  Signalling 


Each  gas  holder  is  equipped  with: 

sensors  for  measuring  and  signalling  the  volume  of  gas  with 
command  apparatus  of  the  synchrotransmitter  type; 

secondary  instruments  of  the  selsyn  receiver  type  for  con¬ 
tinuous  indication  of  the  volume  of  gas  in  the  shops  that  issue 
or  receive  the  gas ; 

signal  panel  of  stepped  signalling  of  the  positions  of  the  gas 
holder  bell  ("minimum  .""preminimum  , '"'normal , "’’premaximum "maxi¬ 
mum")  installed  in  the  shops  that  issue  or  receive  the  gas; 

mercury  thermometer  to  measure  the  water  temperature  in  the 
gas  holder  tank. 


Content  of  Standard  Plans* 


For  gas  holders  with  vertical  guides 

Album  I.  Per  sheet  assembly 

"  II.  Assembly  by  enlarged  panels. 

"  III/66.  Assembly  by  rolling  method. 

"  IV.  Per-sheet  assembly  made  of  low-alloy  steel. 

* 

Standard  plans  of  wet  gas  holders  are  distributed  by  the  Minsk 
branch  of  the  Central  Institute  of  Standard  Plans,  Minsk,  Kozlova,  2. 

561 


Album  V. 
"  VI. 
”  VII. 

"  VIII. 

"  IX. 

”  X. 


Rollers,  hatches,  manholes  (standard  plan  7-07-11). 
Anticorrosion  protection. 

Gas  inlet;  control  and  automatics;  electrical  enginee 
ing  devices. 

Architectural-structural  part;  heating  and  venti¬ 
lation  with  heating  of  tank. 

Architectural-structural  part,  heating  and  ventila¬ 
tion  without  heating  of  tank. 

Estimates 


For  gas  holders  with  screw  guides 


Album  I. 

"  II. 
”  III. 
”  IV. 
"  V. 
"  VI. 
"  VII. 


Gas  inlet;  heating  and  ventilation;  electrical 
engineering  devices. 

Control  and  automatics. 
Architectural-construction  part. 

Steel  structures. 

Rollers,  hatches,  manholes. 

Anticorrosion  protection. 

Estimates . 


Initial  Calculation  Data  as  the  Basis  for  Standard  Plans 

The  carrier  metal  structures  of  the  gas  holders  are  rated  for 
the  following  loads; 

gas  pressure  under  the  bell--from  125  to  400  mm  wat.  col.; 

weight  of  the  actual  structures  and  water  pressure; 

2 

snow  loads--100  kg-f/m  ; 

2 

wind  loads --70  kg-f/m  (main  wind); 

seismic  oscillations-- to  7  points. 

The  construction  designs  (foundations,  heating  brick  wall,  etc. 
are  designed  for  the  following  conditions : 

dry,  nonsagging  ground,  with  rated  resistance  with  central 
compression  2  kg-f/cm“,  with  eccentric  compression — 2.4  kg-f/cm^  at 
edge  of  footing; 

wind  load--70  kg-f/m^; 

snow  load-- 100  kg-f /m“ . 

Similar  data  used  as  the  basis  for  developing  plans  of  metal 
designs  and  the  construction  parts  are  given  in  the  explanatory 
notes  for  the  corresponding  parts  of  the  plan. 


TABLE  IIt-89.  CONSUMPTION  OF  STEAM  FOR  HEATING  GAS  HOLDERS  UNDER  WINTER  CONDITIONS  (in  kg/h) 
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Heat  Engineerin 


Thermodynamic  Properties  of  Water  Vapor 


TABLE  IV- 1.  SATURATED  WATER  VAPOR 


Pressure 

atm.* 

Satura¬ 

tion 

Specific  volume, 
mr/kg 

Enthalpy 

temp. 

°C 

water 

saturatec 

vapor 

0.01 

6-698 

0.0010001 

131.6 

6.73 

0.02 

17204 

0.0010013 

68.25 

17.25 

0.03 

23772 

0.0010027 

46  52 

2301 

004 
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00010040 
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28.67 

005 
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00010052 

28.72 
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3503 

008 

00010084 

1845 

41.16 

0.10 

.  1495 

4545 

0-15 

5300 

00010138 

1020 

5309 

0.20 

59.87 

00010169 

7,789 

59.65 

025 

6406 

00010196 

8018 

6404 

000 

68.68 

BTTiTTi^TM 

5024 

6806 

040 

75.42 

00010261 

4066 

7541 

0.50 

8006 

00010296 

3299 

8006 

0.60 

8545 

00010327 

2.782 

8547 

0.70 

8945 

00010355 

2406 

89.49 

000 

92.99 

00010381 

2.125 

9345 

0-90 

96.18 

00010405 

1.903 

9626 

10 

9909 

00010428 

1.725 

99.19 

20 

119.62 

00010600 

0.9018 

119.94 

30 

13208 

00010726 

06169 

1334 

40 

142.92 

00010829 

04709 

1437 

50 

15111 

00010918 

00817 

152.1 

60 

15808 

00010996 

03214 

1590 

70 

164.17 

00011071 

02778 

165.7 

80 

16901 

00011139 

02448 

1714 

SO 

174.53 

00011202 

02189 

1760 

10 

17904 

00011262 

0.1960 

1810 

11 

183.20 

00011319 

0.1806 

185.7 

12 

18708 

00011373 

0.1663 

1890 

13 

190,71 

00011426 

01540 

193.6 

14 

194.13 

00011476 

01434 

1970 

15 

19706 

00011525 

01342 

16 

200.43 

00011572 

0.1261 

17 

20335 

00011618 

01189 

207.2 

Here  and  further,  absolute  pressure. 


[continuation  of  table  IV-1] 


18 

206.14 

0.0011662 

0.1125 

210.2 

667.8 

19 
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0.0011706 
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6(8.2 
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6684 
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24 
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046486 
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26 
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04011992 

047838 

230-9 

6694 

28 

228.98 

04012067 

047282 

235.4 

6694 

30 

232.70 

04012142 

048797 
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32 
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0.0012215 

046370 

243.7 
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34 

239.77 
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247.6 
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35 

241.42 

0.0012321 
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36 

243.04 
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251.3 

669.4 

38 

246.17 

04012425 

045352 

254.9 

669.2 

40 

249.18 

0.0012493 

005077 

258.4 

6694 

42 

25207 

0.0012561 

0.04829 

261.8 

668.8 

44 

254.87 

0.0012628 

004601 

265.0 

6684 

46 

257.56 

04012694 

044394 

268-2 

668.2 

48 

260-17 

0.0012759 

0.04203 

271.3 

667.9 

50 

262.70 

04012825 

044028 

2744 

6674 

55 

268.69 

04012986 

0.03639 

281.5 

666.6 

60 

274.29 

04013147 

0.03313 

288.3 

6654 

65 

279.54 

04013306 

043036 

294.8 

6644 

70 

284.48 

04013466 

.042798 

3014 

662,0 

75 

289.17  • 

04013626 

0.02589 

307.0 

6614 

80 

29342 

04013787 

042405 

3124 

656.3 

85 

29746 

04013950 

0.02243 

3184 

6574 

90 

301.92 

04014115 

0.02096 

3234 

6557 

95 

30540 

04014282 

0.01965 

329.1 

6534 

too 

309-53 

04014453 

001846 

.  334.2 

651,7 

110 

316.58  . 

0.001480 

041638 

344.2 

647.2 

120 

323.15 

0.001517 

041463 

'  353.9 

642.5 

130 

329.30 

0401557 

001313 

363.4 

637-2 

140 

335.09 

0.001600 

041182 

372.7 

631.7 

150  • 

340.58 

0.001644 

041066 

3819 

6254 

160 

345.74 

0401693 

0.006625 

391.1 

618.9 

170 

35046 

0401748 

0406681 

4004 

811.5 

180 

35545 

6401812 

0.007803 

410.1 

6024 

190 

35942 

0401890 

040697 

4204 

5934 

200 

36446 

0401987 

0.00618 

.  431.3 

5814 

210 

368.16 

040213 

0.00535 

444.5 

5654 

220 

372.1 

040238 

0.00436  ' 

463.0 

5424 

224 

3734 

040267 

0.00373 

.  '4794 

520.7 

22545 

37415' 

040326 

040326 

' 

— 

*Here  and  further  on,  pressure  is  absolute 
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Main  Equations  for  Calculating  Heat  Engineering  Equipment 


Steam  Turbines 


1. 


Power  on  generator  terminals 


'Wlr’lt 


kw 


where  Dg--quantity  of  steam  fed  into  turbine,  kg/h; 

Hg--adiabatic  drop  in  heat,  kcal/kg; 

n  --relative  effective  efficiency  (n  =0.7-0. 8  with  N=1000- 
oe  6000  kW;  noe=0 .82-0.85  with  N=12  ,000-50  ,000  kW) -, 

nr--efficiency  of  generator  (nr=0 . 93-0 . 95  with  N=750-6000  kW; 

nr=0. 96-0.97  with  N=12 ,000-25  ,000  kW) ; 

^--efficiency  of  reducer  (s0.98). 


2.  Specific  consumDt-ion  of  steam 

kK/(kMxh) 

Steam  Boilers 


1. 


Hourly  consumption  of  fuel 

-  I>  (*-—*«) 
8  <?;% 


kg/h 


where  D--steam  productivity  of  boiler  unit,  kg/h; 

i„  and  ift  — enthalpy  of  feed  water  and  steam  generated  in  boiler, 

kcal /kg ; 

Q* — lowest  calorific  value  of  fuel  (according  to  working  mass)  , 
kcal /kg ; 

-efficiency  of  boiler  unit, 


2.  Intensity  of  continuous  blowing  through  of  boiler  (in 
percents  of  3team-output  of  boiler) 


100H 


where  a6  --content  of  salt3  (or  silicon  compounds)  in  feed  water, 
mg /l,  or  lakalinity  of  feed  water,  mg-equi/1; 

an  and  a^ — the  same  for  saturated  steam  and  for  boiler  water 
(from  calculated  norms). 
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Smokestacks 


1 .  Quantity  of  natural  draft  of  pipe 

*,s=flr(p*  «,+2fo ‘“p*  «,+2ft)  tnm.  wat.  col. 
where  H — height  of  smokestack,  m; 

3 

p  and  p — specific  weight  of  air  and  exhaust  flue  gases,  kg-f/m  ; 
8  r 

taand  t —  temperature  of  external  air  and  exhaust  flue  gases,  °C. 

With  tg  =20°C,  pg  =1.2  kg-f/m^  and  average  value  of  pr=1.34 
kg-f/m^,  the  presented  equation  adopts  the  following  appearance: 


‘•-'(“-aSt) 


mm  wat.  col . 


we 

obtai 

n  the 

following  values 

B.  M 

\ 

mm  wat 

B,  M 
.GO. 

\ 

nun  wat.  col. 

40 

15.7 

100 

39.4 

60 

80 

23.6 

31.5 

120 

475 

2.  Cooling  of  flue  gases  in  the  pipe  (for  1  m  of  pipe  height) 


where  A — coefficient  which  has  the  following  values : 


for  steel  unlined  pipes  2 

for  steel  lined  pipes  0.8 

for  brick  pipes  with  average  thickness  of 

laying  ^  0.5  m  0.4 

the  same,  with  average  thickness  of  laying 

>  0.5  m  0.2 


D--total  steam  output  of  boilers  connected  to  pipe,  T/h. 


3.  Rate  of  gas  output  from  pipe  w  (in  m/s)  is: 

in  the  case  of  natural  draft 
with  least  consumption  of  gases  4 

with  calculated  consumption  of  gases  6-10 

in  the  case  of  artificial  draft  10-20 
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TABLE  IV- 3.  SPECIFIC  VOLUME  OF  SUPERHEATED  WATER  VAPOR  (in  m3/kg) 
Pressure  i  Temperature  ,°C 


atm. 

-00 

220 

240 

260 

260 

600 

320 

340 

.00 

380 

40" 

5 

0.4334 

0.4537 

0.4736 

0  4935 

0.5131 

0.5327 

02521 

0.5715 

0.5908 

06101 

04294 

S 

03591 

03783 

02932 

04)99 

0.4264 

0,4428 

0,4591 

0.47S3 

04915 

05077 

0.5237 

7 

0-3059 

0.3209 

0.3356 

0.3501 

02644 

02785 

02926 

0.4066 

04206 

0.4345 

0-4483 

8 

0-2662 

0-2795 

02925 

0.3054 

0.3180 

0.3305 

02429 

0-3552 

03874 

02796 

02918 

9 

0.2353 

0-2472 

02589 

02704 

02818 

02930 

02040 

02150 

02260 

0.3369 

02477 

10 

0.2103 

0.2214 

0.2321 

0.2426 

0.2529 

02680 

02731 

02829 

02929 

02028 

02126 

11 

0-1900 

0-2002 

0.2100 

02197 

0,2292 

0.2386 

02478 

02568 

0.2658 

0.2748 

02838 

12 

0-1728 

0.1825 

0.1918 

0.2007 

02095 

02181 

0.2265 

02348 

0.2432 

0.2515 

0.2598 

13 

0-1584 

0-1675 

0.1762 

0,1846 

0.1928 

0.2008 

0.2086 

0.2163 

0.2241 

0.2318 

0-2394 

14 

0-1460 

0-1547 

0.1629 

0.1708 

0.1784 

0-1859 

0.1933 

0-2005 

0.2077 

02150 

0.2220 

IS 

0.1352 

0-14:16 

0.1513 

0,1587 

0.1660 

0,1731 

0-1800 

0.1867 

0.1936 

02003 

0.2070 

16 

— 

0,1338 

0.1411 

0.1482 

01551 

0.1618 

0.1683 

0.1747 

0.1811 

01875 

0.1937 

17 

— 

0-1251 

0.1322 

0.1389 

0.1455 

0.1519 

0,1581 

0.1641 

0.1701 

01762 

0-1821 

18 

— 

0.1175 

0.1242 

0.1307 

0.1369 

0.1430 

0-1490 

0.1548 

0.1605 

0.1661 

0.1717 

19 

— 

01105 

0.1172 

0.1235 

0.1294 

0.1352 

0.1408 

0.1464 

01518 

0-1572 

0.1625 

20 

— 

0-1043 

0.1108 

0.1168 

0.1225 

0.1281 

0.1334 

0.1386 

0.1438 

0.1491 

0.1512 

22 

— 

00937 

00998 

0-1052 

0.1106 

0.1158 

0.1207 

0-1255 

0.1303 

0.1351 

0-1397 

24 

— 

— 

00905 

00958 

0.1007 

0.1055 

0.1102 

0.1146 

0.1190 

01234 

0.1277 

26 

— 

— 

00826 

00877 

00924 

04968 

0.1011 

0,1053 

01095 

0.1136 

0.1177 

28 

— 

00758 

00807 

00851 

04894 

04935 

04974 

01012 

0.1051 

0.1089 

30 

— 

— 

00699 

00746 

00789 

0.0329 

04868 

04905 

0.0942 

00978 

0.1013 

32 

— 

— 

00646 

00692 

00734 

04773 

04810 

04845 

0.0880 

0.0914 

04917 

34 

— 

— 

00600 

00645 

00685 

04723 

04758 

04792 

00825 

0.0857 

04889 

36 

— 

— 

— 

00603 

00642 

04678 

04712 

04744 

0-0776 

04807 

0.0837 

38 

— 

— 

— 

00585 

00603 

04638 

04671 

04702 

04732 

0.0762 

00791 

40 

— 

— 

00530 

00568 

04602 

0.0634 

04664 

0.0693 

0.0721 

04749 

45 

— 

— 

—  - 

00457 

00493 

04526 

04556 

0.0583 

0.0609 

0  0636 

0.0661 

50 

— 

— 

— 

— 

00433 

04465 

04493 

04519 

0.0543 

00567 

04590 

60 

— 

— 

— 

— 

00340 

04371 

04398 

0-0421 

00443 

00464 

04484 

70 

— 

— 

— 

— 

— 

04303 

0.0329 

0.0351 

0.0371 

00390 

0.0408 

80 

— 

*  — 

— 

— 

04250 

0.0276 

04298 

0.0317 

0  0335 

0.0351 

90 

— 

— 

—  ' 

— 

— 

04234 

04255 

0.0274 

00291 

0.0307 

100 

— 

— 

— 

— 

— 

— 

0.0199 

04221 

0.0240 

00256 

04271 

120 

— 

— 

— 

— 

— 

— 

04168 

0.0187 

00202 

0  0217 

140 

— 

— 

— 

— 

— 

04125 

04147 

00163 

04177 

160 

— 

— 

— 

— 

— 

0.0115 

00133 

04147 

180 

_ 

— 

— 

— 

— 

__ 

— 

04086 

00108 

0.0123 

200 

— 

— 

— 

— 

— 

— 

— 

00087 

04103 

250 

— 

— 

— 

_ 

_ 

— 

— 

04023 

04064 

300 

— 

— 

— 

— 

04019 

04031 

572 


Temperature  ,°C 


Temperature  (°C 

t 

jPressure 

i 

4  LI 

440 

1 

460 

1 

'  *480 

1 

SOD 

880 

800 

TOO 

too 

1 

|  900 

I 

1000 

-  ^m  • 

0.6485 

0.6876 

0.6867 

0.7058 

0.7248 

0.7724 

} 

08196 

0.9144 

1.0088 

1.1032 

1.1976 

5 

05398 

05558 

0,5717 

03870 

06030 

03432 

08829 

0.7618 

03407 

0.9192 

0.9977 

6 

04621 

04759 

0.4896 

0.5033 

03169 

03510 

05651 

0,6528 

0.7204 

0.7878 

03552 

7 

04039 

04159 

0.4280 

04400 

04519 

04819 

08117 

03711 

03303 

0.6894 

0.7483 

8 

03586 

0-3693 

03800 

0.3907 

04014 

04280 

0.4546 

0.5074 

0.5601 

0.6127 

06651 

9 

03223 

0.3320 

03417 

0.3513 

0.3609 

03851 

04088 

0-4565 

0-5040 

0.5513 

0.5985 

10 

0.2927 

0.3015 

03103 

03191 

03279 

03499 

03716 

0.4149 

0.4581 

0.5012 

0.5441 

11 

0.2679 

0.2761 

0.2842 

0.2922 

0.3003 

03205 

13405 

03802 

03198 

0.4593 

04987 

12 

0247# 

0.2546 

0.2621 

03696 

0,2770 

0.2956 

03141 

03509 

0.3875 

0.4239 

0.46031 

13 

0.2291 

0.2361 

02431 

02501 

0.2570 

0.2744 

0  2915 

03257 

03597 

0,3936 

0.4274 

14 

0.2136 

0.2201 

0-2267 

0.2332 

0,2397 

0.2559 

03720 

0.3039 

03356 

03673 

0-3989 

15 

0-2000 

02062 

02123 

0.2184 

03245 

0.2398 

03548 

0.2848 

0.3146 

03443 

03739 

16 

0.1880 

0.1938 

0.1996 

0.2054 

03112 

03255 

03398 

0.2680 

0.2961 

03240 

03519 

17 

0-1773 

0.1829 

0-1884 

0.1938 

0.1992 

03129 

03264 

02529 

0.2796 

0.3059 

0.3322 1 

18 

0.1678 

0-1730 

0.1783 

0.1835 

0.1885 

0.2016 

0.2143 

0.2397 

0.2648 

02898 

03148 

19 

0-1592 

0.1642 

0.1692 

0.1741 

0.1790 

0.1913 

03035 

0.2276 

0.2515 

0.2753 

0.2990 

20 

0.1444 

0-14g0 

0.1535 

0.1580 

0.1825 

04739 

0.1848 

0.2068 

0-2285 

0.2502 

02718 

22 

0.1320 

0.1363 

0.1404 

0.1446 

0.1487 

0.1591 

0,1692 

0.1894 

0.2094 

0.2293 

0.2491 

24. 

0.1217 

0.1256 

0.1295 

0.1333 

0.1371 

0.1467 

0.1561 

0.1748 

0.1932 

0.2116 

0.2299 

28 

0.1126 

0.1164 

01200 

0-1235 

04270 

0-1360 

0.1448 

0.1622 

0.1794 

0.1965 

0.1235 

28 

0.1048 

0.1084 

01118 

0.1151 

0.1185 

0.1269 

0.1350 

0.1512 

0.1673 

0.1833 

0.1992 

30 

04)980 

0.1014 

[  0-1046 

0.1077 

0.1108 

0.1187 

0.1264 

0.1417 

01568 

0.1 718 

0.1867 

32 

00920 

04)951 

04)981 

0.1012 

0.1041 

0.1117 

!  0.1189 

0.1333 

0,1475 

0.1616 

0.1756 

34 

00867 

04)896 

00925 

04)954 

04)982 

0.1053 

0.1122 

0.1258 

01393 

0.1526 

0.1659 

36 

00819 

0.0847 

04)875 

0.0902 

04)929 

04)996 

0.1C62 

0.1191 

0  1319 

0.1446 

0.1571 

38 

00776 

04)803 

04)829 

0.0855 

0.0682 

04)945 

0.1008 

01131 

0.1252 

0.1373 

0.1493 

40  ' 

00686 

04)710 

0.0734 

0.0757 

0.0780 

0.0838 

04)894 

0.1004 

0.1112 

0.1220 

0.1326 

45 

00613 

04)635 

00657 

0.0679 

04)700 

0.0752 

04)803 

0.0902 

0.1000 

0.1097 

0.1193 

50 

0.0505 

04)523 

04)542 

04)560 

04)578 

04)623 

04)666 

04)749 

0.0832 

0.0913 

0.0993 

60 

00426 

0.0443 

0  0460 

04)476 

04)492 

04)530 

0.0568 

00640 

0.0711 

00781 

04)851 

70 

00387 

0.0383 

04)398 

0.0412 

0.0426 

04)461 

0.0494 

0.0559 

0.0621 

04)683 

00744 

80 

00322 

0.0336 

04)350 

00363 

0.0376 

04)407 

04)437 

04)495 

0.0551 

0.0606 

0.0660 

90 

0.0285 

04)298 

0.0311 

04)323 

04)335 

04)364 

04)392 

04)444 

00495 

0-0545 

0.0594 

100 

00229 

04)241 

04)253 

04)263 

04)274 

04)299 

04X323 

0.0368 

0.0411 

0.0453 

04)494 

120 

00189 

04)200 

0.0211 

00221 

04)230 

0.0253 

04)274 

04)313 

04051 

00387 

0.0423 

140 

00159 

04)170 

04M79 

0.0189 

04)197 

0.0218 

04)237 

0.0272 

0.0306 

0.0338 

04069 

160 

00135 

04)145 

04)155 

0.0164 

04)172 

04)191 

04)208 

00240 

0.0271 

00299 

04028 

180 

00115 

04)126 

0.0135 

0-0144 

04)151 

04)169 

0.0185 

00215 

0  0242 

00289 

0.0294 

200 

00079 

04)090 

00099 

00107 

04)114 

04)130 

04)144 

04)169 

0.0192 

0.0214 

04)234 

250 

00052 

04)065 

04)074 

00082 

04)089 

04)104 

04)117 

0.0139 

0.0158 

0.0177 

0.0195 

300 
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Reduction-Cooling  Units  (RCU) 


1.  Consumption  of  cooling  water: 


or 


D*  Ui-it) 
q-<i  f  (l— <p)  9t—t, 


kg/h 


rj  Oi(h-tt) 

<pit+U-<P)9t-i,  kg/h 


where  and  D2~-quantity  of  steam  before  and  after  RCU,  kg/h; 
i^  and  ^--enthalpy  of  steam  before  and  after  RCU,  kcal/kg; 
q2"-enthalpy  of  liquid  at  vapor  pressure  after  RCU,  kcal/kg; 
tft  --temperature  of  cooling  water,  °C; 

^--coefficient  which  takes  into  consideration  the  percentage  of 
evaporating  water  (0.65). 


2.  Consumption  of  steam  before  RCU 

m 

*>t  «=o«-fa  kg/h 

3.  Minimum  area  of  passage  section  of  RCU  mixing  pipe 

D 


/ 


0.0752m.  y 


Ml 


where  D — maximum  steam  consumption,  T/h; 
y- -consumption  coefficient  (0.85); 
p-^-vapor  pressure  before  mixing  pipe,  atm.; 
^--specific  volume  of  vapor  before  mixing  pipe,  m^/kg. 


Diameter  of  passage  section 


4.  Diameter  of  opening  in  restraining  diaphragm  with  El  < 
is  determined  from  the  formula:  **1 

D=n  J!f  *  /£  kg  /h 


where  d — diameter  of  opening,  cm; 

D — quantity  of  transmitted  steam,  kg/h; 
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0^  and  -vapor  pressure  before  and  after  RCU,  atm; 

•j-, --specific  volume  of  steam  before  RCU  with  p^  and  t^  ,  m^/kg. 

Quality  Indicators  of  Water 

Hardness --measure  of  the  content  in  the  water  of  Ca  and  Mg 
salts  dissolved  in  it. 

Constant  (noncarbonate)  hardness  Hn  is  governed  by  the  presence 
in  the  water  of  sulfates  and  chlorides  of  Ca  and  Mg  (CaSO^  ,  MgSO^, 
CaCl2,  MgCl) . 


Temporary  (carbonate)  hardness  is  governed  by  the  content 
in  the  water  of  bicarbonates  Ca(HC0>j)2  and  MgCHCO^^* 

The  total  hardness  H 

o 

The  hardness  of  water  is  expressed  in  mg-equi/1.  In  practice, 
degrees  of  hardness  (°)  are  used  and  they  are  interlinked  by  the 
following  correlations: 


Degree 

mg-equi/1 

German 

0.3566 

British 

0.2848 

French 

0.1998 

American 

0.0199 

Degree 

German  British  French  American 

1  mg-equi/1  2.8  3.5  5.0  50 

The  alkalinity  is  expressed  in  mg-equi/1. 

2- 

A^- -carbonate  alkalinity  governed  by  the  presence  in  water  of  CO3 
anions ; 

Ar--hydrate  alkalinity  governed  by  the  presence  in  the  water  of  OH 
anions ; 

A$--bicarbonate  alkalinity  governed  by  the  presence  in  water  of  HCO^ 
anions . 

Natural  waters  mainly  contain  HCO^,  therefore  usually  A^ 


Important  indicators  of  water  quality  are  the  sum  of  metal 
oxides  (£  M,  mg-equi/1)  and  the  sum  of  acid  residuces  (I  K,  mg-equi/1) 

2^=Ca0  +  M»0  +  N*t0  +  R»0» 

where  R,o,=t Fa*o*+  ai,o*. 

VJC  =  S0,+ Cl* + CO  w  +  N*Oi + SIO, 

A  check  of  the  water  analyses  is  made  based  on  the  condition 

Mineral  residue  (mg/1) 

Sm, =CaO  4-  MgO  +  Na*0  +  R«0*4-  SOs+Cl*+ 4-  N,0*4-  SiO* 

Sw=a-b 

(where  a--dry  residue;  b--losses  in  calcination). 

The  mineral  residue  can  be  defined  from  the  formula: 
sm„.~ Ca«+  Mg»*  +  N«»+C1-  +80r  +  NOf-fCO|-+  SiOJ-+R«0. 

Hydrogen  indicator  pH 

with  pH  =7  neutral  medium 

with  pH  >  7  alkaline  medium 

with  pH  <  7  acid  medium 

3elow  are  the  quantities  of  different  admixtures  in  water 
(in  mg/1) ,  corresponding  to  1  mg-equi/1: 


c*»*  .... 

.  .  3)4)4 

Nu*  ...  . 

.  .  .  23.00 

HCO?  .  .  . 

.  .  .  81.02 

CaO  .  .  .  . 

.  .  28.04 

N«tO  .  .  . 

.  .  .  31.00 

CO*  ...  . 

.  .  .  22.00 

Ca(OH),  .  . 

.  .  37.00 

NaOH  .  .  . 

.  .  .  4000 

coi- .  .  .  . 

.  .  .  30.00 

CaCO*  .  .  . 

.  .  50.00 

NatCO*  .  . 

.  .  .  53.00 

so*  ...  . 

.  .  .  4003 

Mg*+  .... 

.  .  12.1B 

NaCl  .... 

.  .  .  58-45 

.  .  .  4803 

MgO  .  . 

.  .  20,10 

ci-  .... 

.  .  .  35.40- 

skJ,  ...  . 

.  .  .  30.03 

Mg(OH)*  .  • 

.-.  29.17 

HCl  .... 

.  .  .  38-48 

SiOJ*  .  . 

.  .  .  3803 

MgCOi  .  .  . 

.  .  4210 

H|SO«  .  .  . 

.  .  .  4900 

R*0*  .  .  .  . 

.  .  .  3)00 
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TABLE  IV- 4 .  CHARACTERISTICS  OF  STEAM  TURBINES  WITH 
COUNTERPRESSURE  OF  THE  KALUGA  TURBINE  PLANT 


1 

a 

OapftMtTpM^ 

ocrrporo 

napa 

<* 

HOMftKUIb- 
HOO  npOTMBO- 

7 

55  is? 

- 7 - 

Boaaaub- 
uua  dmzob 
nap*  {■  nt/a) 

§ 

is 

Tan  rypOaHu  a 
odojuaseuae 

X  * 

& 

fi 

aauavae 
h  nptouu 

lili 

□pc  poMiaaMZ 

3 

Ii 

peryxapo* 

Baum 

am 

fill 

W 

otdopa 

7» 

O  <>T- 
SopOM 

ii  B«0.  T 


IS 


l! 


12  000 

0  000 

4000 

2  500 

1500 

2500 

1500 


12000 

6000 


p  -12-90/31 
“-12-90/18 
-12-  90/13 
„  -12-90/7 
R-12-35/5 

R -6-35/11 
R -6-35/ 10 
R  -8-35/6 
R  -6-35/5 
R -6-35/3 

R-4-35/15 
R-4-35/11 
R -4-35/6 
R -4-35/3 

R25-35/15 
R -2.5-35/11 
R-2.5-35/6 
r-2.5-35/3 

r-1  5-35/15 
r-1.5-35/11 

R  2.5-15/8  . 
R-25-15/3 

r-1  .5-15/6 
r-1.5-15/3 


PT-12-90  (15)  7 
PT  -8-35(15)5 
PT  -6-35  (10)  5 
PT-M5(im  U 
PT  -6-35  (5)  U 


8  fal  6« 

3  np 

onernyT  o* 

ho  ro 

o  1 6  o 

pa  n 

a  p  a 

90 

535 

31  (29—33) 

401 

189 

_ 

20.7 

2.3 

46 

90 

535 

18  (15—21) 

340 

131 

— 

22.0 

2.5 

4.5 

90 

535 

13  (10-16) 

305 

113 

— 

226 

2.5 

4.5 

00 

535 

7  (5-0) 

245 

87 

— 

246 

3.0 

76 

35 

435 

5(4-7) 

224 

114.7 

— 

256 

36 

76 

35 

435 

11  (8-13) 

301 

03.5 

— 

176 

16 

66 

35 

435 

10  (8—13) 

293 

87.7 

— 

17.5 

16 

6.0 

35 

435 

6  (4-7) 

244 

66.6 

— 

176 

21 

56 

35 

435 

5  (4-7) 

226 

60.0 

— 

17.5 

2.1 

5.6 

35 

435 

3(2-4) 

186 

50-5 

— 

176 

2.1 

56 

35 

435 

15(13-17) 

333 

85.4 

— 

15.4 

1.6 

6.0 

35 

435 

11  (8-13) 

306 

65.0 

— 

15.2 

18 

5.0 

35 

435 

6(4-7) 

247 

446 

— 

15.0 

2.0 

5.5 

35 

435 

3(2-4) 

102 

358 

18.4 

1.9 

56 

35 

435 

15(13-17) 

342 

563 

— 

15.4 

1.6 

•6 

35 

435 

11  (8-13) 

307 

41.9 

— 

15.2 

1.6 

3.0 

35 

435 

6(4-7) 

250 

29.2 

— 

166 

1.9 

5*5 

35 

435 

3(2-4) 

200 

22.6 

— 

166 

1.9 

5.5 

35 

435 

15  (13-17) 

345 

355 

— 

14.7 

1.5 

5.0 

35 

435 

11  (8-13) 

313 

26.6 

— 

15.0 

1.6 

5.0 

15 

350 

6(4-7) 

256 

63.0 

— 

15.4 

1.6 

9.0 

15 

350 

3(2-4) 

193 

34.3 

— 

175 

1.9 

5.3 

15 

350 

6(4-7) 

260 

35.2 

— 

146 

1.6 

5.2 

15 

350 

3(2-4) 

190 

21.8 

— 

16.0 

1,9 

5*5 

A 

r6op]e 

HU  Q 

KM  01 

M  na 

P* 

00 

535 

7(5-6} 

268 

101 0 

1176 

326 

36 

76 

35 

435 

5  4-7) 

235 

626 

84.5 

193 

2.2 

76 

35 

435 

5(4—7) 

243 

636 

806 

196 

22 

76 

35 

435 

u  (<w-2Jn 

130 

416 

686 

206 

2.6 

76 

38 

435 

1J  10,7-16) 

\ 

180 

,  *14 

55.2 

206 

26 

76 

Key: 

1 .  Power ,  kW 

2.  Type  of  turbine  and  designation 

3.  Parameters  of  live  steam 

4.  Pressure,  atm. 

5.  Temperature ,8C 

6.  Rated  counterpressure  and  limits  of  rebgulation, 

7.  Temperature  with  rated  counterpressure,  8C 

8.  Rated  steam  consumption  (in  T/h)  with  regimes 

9 .  Without  bleeding 

10.  With  bleeding 


atm. 
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11.  Weight  ,T 

12.  Turbine  with  oil  system 

13.  Turbine  rotor 

14.  Upper  half  of  housing 

15.  Turbines  without  intermediate  steam  bleeding 

16.  Turbines  with  intermediate  steam  bleeding 

Note:  1.  Absolute  pressure. 

2.  Height  of  arrangement  of  grnpple  above  machine  hall  floor 
is  y  m  for  turbines  without  Intermediate  steam  bleeding 
and  4.5  m  for  turbines  with  intermediate  steam  bleeding. 

3.  Below  are  the- characteristics  for  controllable  bleeding 
for  turbines  with  intermediate  steam  bleeding: 


Type  of  turbine 

Rated  pressure 
and  limits  of 
reeulation .  atm. 

Temperature 
with  rated 
oressure.  °C 

Rated  production 
bleeding,  T/h 

PR-12-90(15) 7 

15(12-18) 

325 

75 

PR-6-35(15)5 

15(13-17) 

300 

35 

PR-6-35C10) 5 

10(8-13) 

298 

50 

PR-6-35(10)1.2 

10(8-13) 

299 

50 

PR-6- 35(5)1. 2 

5(4-7) 

237 

40 

Below  are  the  requirements  for  the  quality  of  the  feed  water 
for  evaporators  and  steam-formers: 


Hardness,  mg-equi/kg  0.03 

Hardness  with  softening  of  highly -minera¬ 
lized  waters  (salt  content  over  200  mg/kg)  , 
mg-equi/kg  0.075 

Content,  mg /kg 

of  oxygen  0.03 

of  phosphates*  5-7 


Below  are  the  calculated  norms  for  the  quality  of  intra-boiler 
water  for  different  types  of  boilers  and  intraboiler  devices  at 
different  pressures:^- 


Boiler 

Maximum  permissible  | 
content .  me /ke  ! 

Alkaline 

number 

drv  residue  1 

1  sludee  1 

mg  /kh 

Flue 

Fire- tube 

Water- tube  with  lower  drums  and 
sludge  pans 

Water- tube  without  lower  drums 
and  sludge  pans 

Without  stepped  evaporation  and 
bubbling  washing  of  steam 

at  1! 

104000*20 ,000 

4  ,000-6,000 

4,000-6,000  : 
2  ,500-3  ,000 

2,000-2,500 

j  atm.  and  1 
6,000-8,000 
4  ,000-6,000 

5, 000-25, 00( 
1 ,500-2,5001 

ower 

500-1000 

300-700 

300-7*30 

300-500 

300-400 

- * - 

Phosphating  is  necessary  with  absolute  pressure  of  secondary 
steam  of  8  atm. 
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Boiler 


Without  stepped  evaporation  and 

bubbling  washing  of  steam 

The  same ,  but  with  bubbling  washing 

of  steam  by  feed  water  of  normed 

quality 

With  stepped  evaporation  (intra- 
drum  or  extension  sections  engaged 
in  parallel  to  drum  in  pairs)  ,  but 
without  bubbling  washing  of  steam 
With  stepped  evaporation  (intradrum 
salt  compartments)  and  with  bubbling 
washing  of  steam  by  feed  water 
of  normed  quality 
With  stepped  evaporation  and 
bubbling  washing  of  steam  by  feed 
water  of  normed  quality  with 
pre-included  extension  compartments 
II  and  III  of  evaporation  stages 


Maximum  permissible  content 
nig/fcg- 


dry  residuq 


dry 
residui 


silicic 
acid  (is 
conversion 
for  SiO?“ ) 


At  15-45  atiaAt  45-100  atm. 


500-3000 


4000-6000 


300-1000 

1500 


Moo 


10,000-15,0001 


5000 


10,000 


2-5 

40 

20 

80 


150 


Note:  For  steam  with  pressure  15-45  atm.  and  45-100  atm.  ,  the 

smaller  numbers  refer  to  boilers  with  one  drum,  up  to  1300  mm 
in  diameter  and  with  purely  volumetric  separation,  and  the 
larger  numbers  refer  to  boilers  with  diameter  of  the  drum  over 
1300  mm  and  to  boilers  with  separating  drum. 
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TABLE  IV- 5.  CHARACTERSTICS  OF  STEAM  CONDENSATION 
TURBINES  OF  KALUGA  TURBINE  PLANT 


1 

2 

X 

,  y 

Kommaav8' 

HomrnajunMt 

Oijii.  A 

/i  8*e’  T 

E 

tP 

pyrnnii  orflop 

11  pH  ptmmsx 

iont 

(l 

if 

il 

M 

PS 

7T 

Tun  rypOmrw 

H  ofloaiiawine 

a 

i 

i* 

a 

C 

* 

a 

1 

*5 

1 

►* 

& 

V 

Ip 

7 

3 

i. 

iLi 

f P 

0 

is 

is 

jit 

f 

► 

Ip 

"a 

m  j 

if 

1 

is! 

jo 

TypSanu  e  jiymi  apouemyToaHUMH  oitopiHi  bap* 


PT12-35/IO 

PT-12-35/13T 


12000 

91 

150 

10 

12 

295 

106 

50 

40 

10884 

58.5 

53.2 

20 

2100 

390 

588 

12000 

86 

150 

13 

1.2 

325 

124 

50 

40 

112.0 

598 

544 

40 

3800 

394 

5.70 

Jf 

Typ6«HM  C  np0H3B04CTB*HHHM  O  T  6  0  p  O  M  Dipa 


u.s 

145 


F6-  5/5 
p-4-35/5 
P“2, 5-35/5 


6  000 

95 

150 

5 

230 

40 

558 

28.2 

268 

20 

1970 

31.5 

493 

4000 

93 

150 

5 

235 

25 

35.7 

199 

18.5 

20 

900 

28.0 

4.17 

2500 

95 

150 

5 

240 

18 

262 

13.1 

128 

20 

870 

228 

3.25 

JO 


10.0 

7.0 

5.5 


TypfiiRH  c  Timoi^RXimoiBUH  OTlTopoM  naps 


*12-35/1.2 
T-6-35/1,2 
AT**  <  old  > 


12000 

_ 

150 

12 

105 

65 

780 

538 

50.3 

_ 

6  000 

95 

150 

12 

120 

35 

40.7 

27.6 

254 

20 

1970 

315 

4.94 

4000 

95 

146 

12 

120 

22 

— 

— 

— 

— 

— 

JAryp« 


■Hu  6ea  OTfiopa  na 


P« 


K-12-35 

12  000 

95 

152 

_ , 

_ 

532 

480 

20 

3460 

39.7 

696 

K-12-35T 

12000 

87 

145 

— 

— 

— 

— 

58.0 

528 

3i 

3800 

314 

582 

K-6-35T 

6000 

89 

147 

— 

— 

— 

— 

307 

— 

35 

1970 

30.5 

580 

K-6-35 

6000 

95 

146 

— 

— 

— 

— 

272 

25.0 

20 

1970 

300 

485 

AK-4-4  ('Old  .) 

4  000 

90 

19.36 

184 

30 

1300 

19.0 

3.08 

140 

7.6 

100 

104) 

84) 


Key: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 
21. 


Type  of  turbine  and  designation 
Power ,  kW 
Vacuum ,  Z 

Temperature  of  feed  water,  °C 
Rated  controllable  bleeding 
Pressure ,  atm. 

Temperature , °C 
Consumption  of  steam,  T/h 

Rated  consumtpion  of  steam  (in  T/h)  with  regimes 

With  bleeding 

Condensation 

Condensation  without  regeneration 
Cooling  water 
Temperature ,°C  - 

Complete  consumption,  nr/h 
Weight  ,T 

Turbine  with  oil  system 

Turbine  rotor 

Heaviest  turbine  assembly 

Turbines  with  two  intermediate  steam  bleedings 
Turbines  with  production  steam  bleeding 
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22.  Turbines  with  central  heating  bleeding  of  steam 

23.  Turbines  without  steam  bleeding 

Note:  1.  Absolute  pressure. 

2.  The  pressure  of  the  steam  fed  to  the  turbine  is  35  atm.  , 
temperature  435°C;  the  rate  of  turbine  rotor  rotation  is  3000  rpm. 

3.  Height  of  arrangement  of  crane  grapple  above  machine* hall 
floor  is  4.5  m  (for  turbine  P-2.5-35/5  it  equals  4  m) . 


TABLE  IV- 6.  CONSUMPTION  OF  COOLING  WATER  BY  STEAM- 
TURBINE  UNITS  OF  POWER  PLANT  (in  m^/h) 


[  norpeflirreai  outajuiunatet  1 
bo  nil 

[  (?)  am  TypAm  specin ro  punm  MotmosrMo  <»  me.  mi 

1,5 

2.5 

1  * 

1  6 

!  12 

25 

50 

1  ioo 

'  ~  i-  - 

KoH,vncaTopw{5) 

330- 

770- 

900- 

1800- 

2100— 

4500- 

11000— 

20000— 

650 

1000 

1400 

1  2000 

3500 

5500 

13  000 

26  000 

M 

(20) 

(20) 

(20) 

(20) 

(20) 

(15-25) 

(15) 

(15) 

Bos.iyxooxJTanaTe^iV  re- 

20 

no 

60 

80 

100 

300 

275 

450-600 

nepaTopoB 

M  ac  ji  oox  ji  aflirrej!  n(5  ) 

40 

40 

40 

40 

40 

60-100 

120-150 

180-300 

(V)Ucero  .  .  .  .  j 

390— 

870— 

1000- 

1920— 

2240- 

4860— 

11  395-1 

20  030— 

710 

1100 

1500 

2120 

3640 

5900 

13  425 

26  900 

0> 

aoTpetanjn  oxjuwasianet  mam 

( '  'flan  rjptm  aueoaoro  aaaaeaart  ■«uii»cTfc» 
(•mo.  mm) 

25 

50 

'  ion 

KoBRSBCSTOpt/^ 

4000—5000 

7000-10000 

16000-20000 

raaooxJiaflBTMn  reupaTopoa 

(20) 

(20) 

(20) 

200 

200 

400 

MacnooxjianuTMHS) 

60-80 

120—140 

180—200 

(t)Bcaro . 

4260-5280 

7320—10340 

16  58O—20600 

Key: 


Note: 


1. 
2. 

3. 

4. 

5. 

6. 

7. 

The 


Consumers  of  cooling  water 

For  turbines  of  medium  pressure  with  output 

thousand  kW) 

Condensers 

Air-coolers  of  generators 
Oil-coolers 


(in 


Total 

For  turbines 
thousand  kW 
Gas  coolers  o: 
temperature  o 


of  high  pressure  with  output  (in 


.tors  .  . 

ng  water  is  given  in°C 


in  parentheses. 
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TABLE  IV- 7.  REQUIREMENTS  FOR  QUALITY  OF  FEED  WATER 
FOR  STEAM  BOILERS  OF  HEAT  AND  ELECTRIC  POWER  PLANT 


Key: 

1 .  Indicators 

2.  Drum  boilers  under  pressure,  atm. 

3.  less  than 

4 .  more  than 

5.  Direct- flow  boilers 

6.  Direct-flow  separator  boilers  at  40  atm.  pressure 

7.  Hardness,  mg-equi/kg 

8 .  Content ,  mg /kg 

9 .  Oxygen 

1 0 .  Iron 

11.  Copper 

12.  Oil  o 

13.  Salicic  acid  in  conversion  for  SiO^~ 

14.  Surplus  of  sulfite  (in  sulfitization) 

15.  Free  carbon  dioxide 

16.  Nitrites  and  nitrates  (in  sum) 

17.  Salts 

18.  Traces 

19.  Less  than  two 

Note:  1.  The  hydrogen  indicator  pH  must  be  7. 0-8. 5 

2.  The  norms  are  taken  from  the  "Rules  of  Technical  Opera¬ 
tion  of  Power  Plants  and  Networks."  The  numbers  marked  by  an 
asterisk  are  taken  from  the  "Reference  Book  of  the  Chemical  Power 
Engineer."  For  direct- flow  separator  boilers,  the  norms  are  given 
which  are  recommended  by  the  Moscow  division  of  the  Central  Boiler- 
Turbine  Institute) . 
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TABLE  IV- 8.  REQUIREMENTS  FOR  QUALITY  OF  STEAM  GENERATED  BY  TETs 
STEAM  BOILERS 


Admixtures 


Content  of  admixtures  in 
steam  (in  mg /kg)  for 
boilers  with  pressure 


40  atm. 


40- 
100  atm. 


100  aD 


Compounds  of  sodium  (in  conversion  for 
Na2S04)  2_ 

Silicic  acid  (in  conversion  for  SiO*  ) 
Free  carbon  dioxide  J 


0.3 

20 


0.2 

0.03* 

10 


0.08 

0.03 

7 


For  boilers  with  pressure  70  atm.  and  higher. 


TABLE  IV- 9 .  HEAT  RELEASE  IN  MACHINE  HALL  OF _ LOW  POWER  TETs  (FOR 
1  TURBINE  UNIT)  (IN  THOUS .  kcal/h). 


u) 

(■*> 

"T5T 

u 

Moamoen 

TTP- 

Ae- 

rypAaau 

Tan  rypOaau 

6aa- 

MI>a- 

TOp- 

HOl 

VH  US 

IBM 

1500 

KoHA^Bca- 

115 

55 

mOIHM  O 

orOopoM 

2500 

uapft 

K-2.5-35 

145 

68 

2500 

T-2,5-35 

155 

•  65 

3000 

K-3-35 

160 

73 

4000 

K-4-35 

183 

79 

4000 

T-4-35 

207 

82 

(55  |  (,r~ 

Mom- 

_  n  liOOTk 

Bc,!ro  J  ttpsum 


"pr 


fan  TTpfiaw 


w 

B 

JTP- 

SKU- 

HOK 


"W 

B 

ae- 

up>- 

TO|>- 

aat 


170 


213 

220 

223 

2C2 

269 


6000 
12000 
12000 
12000 
12  000 
12000 


P-6-35 
K-12-35/1 
P-12-35/1 
-T-12-35/1 
P.T-12-35/1 
p  ^4  2-35/2 


270 

318 

428 

458 

491 

416 


103 

110 

172 

172 

172 

147 


373 

'428 

600 

630 

663 

563 


Key: 


1 .  Power  of  turbine  ,  kW 

2.  Type  of  turbine 

3.  In  turbine  hall 

4 .  In  deaerator 

5 .  Total 

6.  Condensation  with  steam  bleeding 


TABLE  IV-10.  STEAM  LOSSES  (MOISTURE  RELEASE)  IN  STEAM  TURBINES 
OF  LOW  POWER  (in  kg/h) 


Key : 

1.  Power  of  turbine,  kW 

2.  In  condensation 

3.  In  turbines  with  bleed 

4.  From  overflow  pipes 

5 .  From  other  parts 

6.  Total 


2.  Electrical Engineering 


General  Part 


3-6 


Certain  Most  Important  Physical  Constants 

Magnetic  constant  *___  t 

Electric  constant —  - 

Velocity  of  light  in  vacuum  s 
Wave  resistance  of  vacuum  j/S 
Charge  of  electron  e  '  «•  ’ 

Pvest  mass  of  proton 
Planck's  constant  h 
Rest  mass  of  electron 

Basic  Equations 


4 it  x  107  H/m 
8.86  x  10“  a  F/m 
2.9979  x  10°  m/s 
376.7  Ohm 
1.602  x  10"J9c 
1.6724  x  lOI*4  g 
6.624  x  10“grg/sec 
9. 1085- lri-2^ 


Ohm's  law 


where  I- - current ,  a-,  U — voltage  ,  V; 
Z--resistance  ,  Ohm. 


Complete  resistance: 

where  R*  p  ^  --active  resistance; 

Xt  —  2rtfL — inductive  resistance; 
x*“  2«7c  --capacitive  resistance; 

o 

p--specific  electrical  resistance,  Ohm  x  mm  /m; 
1 — length  of  conductor  ,  m; 

2 

s — section  of  conductor,  mm  ; 
f--frequency ,  number  of  periods  per  second; 

L- - inductance ,  H; 
c--capacitance ,  f. 


The  rotation  rate  of  the  magnetic  flux  in  the  electric  motor 
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stator  nc  (in  rpm): 

60/ 

(p--number  of  pairs  of  poles  of  stator  winding) ; 

The  torque  of  the  electric  motor: 

M  —  975  — 

ft 

where  M — moment,  kg-f  x  m; 

P- -power,  kW; 
n — rotation  rate,  rpm. 

Mechanical  constant  of  warm-up  time  of  electric  motor: 

r  CD* 

•  375 M 

2 

where  CD- -Mach  moment,  kg-f/m  . 

The  sag  of  the  conductor  of  the  line  f  (in  m) j 


where  l--length  span  between  supports ,  m; 

2 

y — specific  load  of  conductor,  kg-f/m  x  mm  ; 

o 

o--mechanical  stress  in  conductor,  kg-f /mm  . 

The  number  of  oscillation  periods  of  the  busbars  per  second 

— "V? 


2 

where  e — modulus  of  elasticity,  kg-f /cm  (for  copper  e  *  1.25  x  10 
for  aluminum  of  quantity  e  *  0.72  x  10^),* 

I--moment  of  inertia  of  busbars,  cm  ;  for  flat  busbars  I-hbJ/12 
(h  and  b--sides  of  section),  for  round  busbars  I«0.05d  (d — 
diameter  of  busbar) ; 

1 — length  of  span,  cm; 
g — weight ,  kg-f /cm. 
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TABLE  IV-11.  BASIC  CHARACTERISTICS  OF  CURRENT-CONDUCTING  METALS 
AND  ALLOYS5 


Metals  and 
alloys 


Aluminum 

Bronze 

Tungsten 

Cadmium 

Constantan 

Brass 

Magnesium 

Manganese 

Copper 

Molybdenum 

Argentan 

Nickel 

Nichrome 

Tin 

Platinum 

Mercury 

Lead 

Silver 

Steel 

Antimony 

Fechral 

Chroma  1 

Zinc 

Pig  iron 


(l> 

n-iomocn 

t,'C M‘ 

TeMneparypa 

arauiefiKA 

°c 

npeneJi 

npOlHOCTH 
np»  pacT«- 
weHfm 

K2C/MM* 

V 

GJTPKTpilie- 
CKoe  coapo- 

THftaeRMe 

044  *  MM*  ! M 

(5) 

TeMneparyp- 

Kblfl 

k  03  <£4>a  one  ht 
conpoTEBJie- 

HUH 

10  *-tpa6-' 

(Ui 

Tension  po- 

BOUHOCTb 

ami  cm-  epad 

(?' 

Cpeuftn 

TCTA  OCMKOCTb 
>  vHTepBajie 
TdiDeparyp 
0-100  *G 

KoA/i-ipad 

4Hfeftnoro 
pacmapMBA 
•  vfrrepujxe 
TfMoeparyp 
20-100  *C 
*•  10*.  fpod-* 

2-7 

657 

7.5-18 

0026-0.029 

44 

2,1 

021 

23 

83—8.9 

885-1050 

35-135 

0.021-0052 

40 

0,4-08 

0095 

17 

18.0 — 19.3 

3400 

200—400 

0053-0.050 

45 

032-188 

0.034 

43 

8.6 

321 

6 

0.076 

40 

0093 

006 

31 

.  8.7-85 

1270 

40-70 

0.45-0.52 

003-005 

— 

0.13 

84-8.7 

900—960 

30—70 

0031—0.079 

20 

109-125 

0093 

18 

1.74 

650 

20 

004 

38 

1.53 

025 

27.6 

81-84 

960 

50-70 

042-0-50 

0.3— 0.0 

—  ' 

0,10 

0.19 

871-854 

1083 

25-405 

0.0175—0018 

41 

333-410 

0098 

17 

87-105 

2570-2620 

80-250 

0.048-0054 

49 

1.46 

0062 

4 

84 

1000 

35—60 

030—045 

23 — 3.6 

— 

020 

88-89 

1452 

60—70 

0.068-0072 

68 

0.58—0.62 

0-106 

13 

81—825 

1370-1420 

60—75 

1.00-1.27 

1.25-1.4 

— 

— 

0.14 

75 

232 

2-5 

0.124-0.116 

44 

0.64 

0054 

23 

21.45 

1755—1778 

15-35 

0096—0 105 

26-40 

07 

0034 

9 

185 

-385 

— 

0943—0352 

90 

0.11 

0033 

180 

1155 

327 

0.98 — 1.6 

0-21 7-0-227 

40 

0.34-035 

0.03 

29 

105 

960 

15-30 

0.015—0016 

36 

4.20-4-22 

0.055 

19 

787 

1400-1530 

70-175 

0103-0.14 

60 

045-0.48 

0.12 

10 

6.67 

630 

— 

0.41 

37 

0.17 

0.05 

168 

7.1-75 

1460-1490 

60—70 

1.26—1  35 

055-18 

— 

— 

014 

695-71 

1500 

70-75 

1.45 

0-4 -0-5 

— 

— 

0145 

686-7.14 

419—428 

14-29 

(>053-0062 

0.004 

112 

no9 

30 

72—7,6 

12.X) 

12—32 

0.5-0.41 

0001 

049 

oil 

10 

Key:  1.  Density,  g/cm5;  2.  Melting  point,  °C;  3-  Ultimate 

2 

strength  in  stretching,  kg-f/mm  ;  4.  Specific  electrical 

p 

resistance,  Ohm  x  mm  /m;  5-  Temperature  coefficient  of  resistance, 

4  —  1 

10  x  deg  ;  6.  Heat  conductivity,  W  x  cm  x  deg;  7.  Average  heat 
capacity  in  interval  of  temperatures  0-100°C  cal/g  x  deg;  8. 
Coefficient  of  linear  expansion  in  interval  of  temperatures 
20-100°C  a  x  106,  deg-1. 
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The  coefficient  k  which  takes  into  consideration  the  change  in 
the  permissible  current  load  on  the  apparatus  and  the  conductors 
depending  on  the  heating  conditions 


k=i/lE?» 

V  0*-®o 


where  0O --permissible  temperature ,°C; 

0D  and  0g--calculated  and  actual  ambient  temperature,  °C. 

The  order  of  highest  harmonics  generated  by  the  multiple-phase 
rectification  unit  on  the  side  of  alternating  current 

v  =  np  ±  t 

where  v- -order  of  highest  harmonics; 

n--whole  number  (1  ,2,3,4,  etc.); 
p--number  of  phases  of  rectification  unit. 

The  amount  of  currents  of  the  highest  harmonics  of  the  recti¬ 
fication  unit 


'•“7 


where  I--quantity  of  current  of  first  (main)  harmonics; 
Iv- -quantity  of  current  of  highest  harmonics. 


TABLE  IV-12.  CHARACTERISTICS  OF  SEMICONDUCTOR  MATERIALS 


Main  parameters 

Copper- 

oxide 

Selenium 

Germanium 

Sili 

con 

Current  density,  a/cm4  with 
cooling 
natural 

0.04 

0.07 

40 

80 

artificial 

0.14 

0.20 

100 

200 

Inverse  voltage  (effective) ,  V 

6 

25 

110 

380 

Maximum  working  temperature , °C 

50 

85 

65 

140 

Efficiency  ,  % 

78 

92 

98.5 

99.6 

Comparative  volume  of  elements 

30 

15 

3 

1 

Inner  drop  in  voltage  ,  V 

0.2 

0.6 

0.5 

0.7 

Calculation  of  Loads 

The  maximum  required  power  Pn  (in  kW)  is  determined  from  the 


*■* 


TABLE  IV- 13.  SPECIFIC  ELECTRICAL  CONDUCTIVITY  OF, AQUEOUS 
SOLUTIONS  OF  ELECTROLYTES  AT  18 °C  1(T  Ohm'1  x  cm'1 


t.'ouep>*a- 
tme  6t ea- 
BOflHOrO 
aneKTpo- 
aura 
.  % 

KC1 

j 

XaCl 

NH«C) 

ZnSO, 

! 

caso,  j 

k.  on 

NaOIl  j 

1 

h,so4 

HC1 

5 

690 

1  672 

i  918 

191 

189 

—  1 

1969  ' 

2085 

3948 

10 

1359 

1211 

1776 

321 

320  | 

3093 

3915 

6302 

IS  1 

2020 

1642 

2586 

415 

421 

3125  | 

3490 

5432 

— • 

20 

2677 

1957 

3365 

469 

3284 

6527 

7615 

25 

|  2135 

4025 

480 

— 

2717 

— 

- ‘ 

,10  | 

444 

—  | 

5555 

2074 

7388 

6620 

40 

_  j 

_  j 

4595 

1206 

6800 

5152 

50 

1 

_ 

_ 

_ 

— 

— 

820 

5405 

— 

90 

i  - 

— 

1 

-  . 

--  1 

— 

1075 

Key : 

1.  Content  of  anhydrous  electrolyte 

Note:  With  a  change  in  temperature  by  1°C  in  the  interval  18-26°C, 
the  specific  electrical  conductivity  increases  by  1.5-3X. 


quantity  of  established  power  of  the  current  receivers  P^,  and  the 
coefficient  of  demand  k£  from  the  equation: 

*.-*•*» 

The  quantity  of  the  coefficient  of  demand  k  and  the  annual 

c 

number  of  hours  of  use  of  the  maximum  load  T  for  the  chemical 
industry  are  assumed  to  be  equal  to: 

kc  T  ,  thous .  h 

For  high  output  plants  0.60-0.65  7-8 

For  low  output  plants  0.17-0.50  5. 8-6. 2 

If  the  complete  power  of  the  load  in  relative  units  (S*) 
changes  according  to  the  equation 

then  the  losses  of  power  (in  relative  units)  will  be: 

Then  the  time  for  use  of  the  maximum  load  in  a  year  (relative 
quantity)  - 

S'**"  «TT 
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The  time  of  energy  loss  in  a  year  (relative  quantity)  equals: 


From  which: 


The  absolute  value  of  the  number  of  hours  of  maximum  losses 


in  the  year 


Figure  IV-1.  Dependence  of  the  Number 
of  Hours  of  the  Maximum  Losses  t  on 
the  Number  of  Hours  of  Use  of  the 
Maximum  Load  with  Different  Values  of 
cos<j> 

1.  cos|  =  1 

2.  cosij)  *  0.8 

3.  cos<|>  *  0.7 


Figure  IV-1  shows  the  dependence  of  the  number  of  hours  of 
maximum  losses  on  the  number  of  hours  of  use  of  the  maximum  load. 


Classification  of  the  Production  Rooms  and  Outer  Units  for  Fire- 
and  Explosion  Danger 

The  nitrogen  industry  productions  reprocess  different  gases 
and  liquids  that  are  distinguished  both  in  physical-chemical  and 
fire-explosion-dangerous  properties.  The  set  of  electrical  equip¬ 
ment  is  therefore  also  diverse ,  both  of  general  industrial  design 
and  of  explosion-protection. 

Classification  of  production  rooms  for  general  characteristics 
of  the  environment  is  presented  in  chapter  1-1  of  the  PUE.^ 
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The  gases  and  gas  mixtures  with  relative  density  for  air  lower 
than  one, (for  example,  hydrogen,  natural  gas,  nitrogen-hydrogen 
mixture)  are  mainly  collected  at  the  top,  therefore,  in  the 
hydrogen  units  ,  compressor  stations  of  natural ,  water  and  semi¬ 
water  gases  ,  nitrogen-hydrogen  mixture  and  others  ,  the  upper-  zone 
of  the  room  is  the  most  dangerous.  The  installation  of  extension 
shafts  and  bay  windows  considerably  reduces  or  completely  elimi¬ 
nates  the  probability  of  dangerous  concentrations  of  the  indicated 

9  12 

gases  forming  in  the  rooms .  ’ 

Vapors  of  easily  igniting  liquids  and  gases  with  relative  density 
more  than  one,  especially  with  density  in  limits  over  1.5-2  are 
mainly  accumulated  at  the  bottom.  Thus,  for  example,  in  pumping 
units  of  gasoline,  benzene,  and  cyclohexane*  the  lower  zone  is 
the  most  dangerous.  In  addition  to  general  exchange  ventilation, 
it  is  very  important  to  install  local  suction  fans  from  the  equip¬ 
ment  . 


Mixtures  of  air  with  vapors  of  easily  igniting  liquids  (EIL) 
belong  to  the  explosion- dangerous  if  the  flash  point  of  the  vapors 
is  45 °C  and  lower*.  The  more  dangerous  are  the  EIL  with  flash 
point  of  the  vapors  below  28°C  and  the  most  dangerous  are  those 
with  flash  point  of  the  vapors  below  15 °C. 

Depending  on  the  temperature  of  spontaneous  combustion,  the  gas- 
and  vapor-air  mixtures  are  divided  into  four  groups.  They 
correspondingly  stipulate  the  permissible  temperatures  for  the 
elements  of  the  explosion-protection  electrical  equipment  that 
comes  into  contact  with  the  explosion-dangerous  medium: 


Group  of  explosion-dangerous  mixture 

Temperature 
of  spontan¬ 
eous  combus¬ 
tion  of  mix¬ 
ture  .°C 

Temperature 
of  elements  of 
electrical 
equipment , °C 

A 

over  450° 

360 

B 

300-450 

240 

G 

175-300 

140 

D 

120-175 

100 

*there  is  currently  a  suggestion  to  classify  as  explosion-dangerous 
the  EIL  with  flash  ooint  of  vapors  61 °C  and' lower. 
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One  of  the  most  popular  explosion-protection  devices  of 
electrical  equipment  is  flange  (slit)  protection.  Four  categories 
of  explosion-dangerous  mixtures  have  been  set  depending  on  the 
size  of  the  flange  gaps  in  shells  with  volume  2.5  1  with  flange 
width  of  25  mm  in  which  the  frequency  of  transmission  of  the 

Q 

explosions  is  50%  from  the  number  of  explosions  made: 


Category  of 

explosion-dangerous  mixture 

Size  of  gap  between  surfaces  of 
flanges .  mm 

1 

Over  1 . 0 

2 

0.65-1.0 

3 

0.35-0.65 

4 

1 

Less  than  0.35 

The  actually  adopted  sizes  of  the  gaps  in  the  explosion- imper¬ 
meable  electrical  equipment  have  correspondingly  lower  values  that 
can  be  defined  by  calculations  and  experiments .  Data  on  the  gaps 
and  junctions  in  the  shell  are  presented  in  the  PIVE  (§86-92  and 
table  16). 8 

Table  IV-14  shows  the  distribution  of  certain  explosion-dangerous 

O 

mixtures  according  to  categories  and  groups. 

Thus  ,  among  the  most  dangerous  we  can  classify  the  media  that 
contain  heavy  gases  and  vapors  (density  1. 5-2.0)  which  have  a  low 
limit  of  explosiveness  (to  2.5%)  and  low>  temperature  of  spontaneous 
combustion  (and  for  EIL  vapors  an  even  lower  flash  point  of  less 
than  15 °C) . 

In  determining  the  degree  of  danger  of  the  media  that  contain 
explosion-dangerous  gases  and  gas  mixtures  ,.  as  well  as  EIL  vapors , 
it  is  necessary  to  take  into  consideration  not  only  the  final 
product  of  production,  but  also  the  initial  products  that  parti¬ 
cipate  in  the  technological  process,  and  for  each  room  separately. 
Most  often  the  initial  and  final  products  of  production  have  a 
varying  degree  of  explosion  danger. 


Below  is  a  classification  of  the  explosion-dangerous  rooms  and 
outer  units  depending  on  the  production  factors  and  the  physical- 


chemical  properties  of  the  vapor-gas-air  mixtures. 


According  to  chapter  VII-3  of  PUE^  ,  class  V -1  includes  the 
rooms  in  which  the  explosion-dangerous  mixtures  of  gases  and  vapors 
with  air  or  with  other  oxidizers  can  be  formed  during  normal 
short  operating  regimes. 

Class  V -la  includes  the  rooms  in  which  during  normal  operation, 
the  explosion-dangerous  mixtures  of  combustible  vapors  or  gases  with 
air  or  other  oxidizers  are  not  formed,  but  are  only  possible  as 
a  result  of  accidents  or  malfunctions . 

Taking  into  consideration  the  physical-chemical  properties  of 
mixtures ,  the  explosion-dangerous  rooms  can  be  divided  into  the 
following  classes: 

class  V-lA-T  includes  rooms  of  class  V-Ia,  but  with  more 
dangerous  combustible  gases  or  vapors  (with  relative  density  over 
1.5;  the  lower  limit  of  explosiveness  to  2.5%  and  flash  point  of 
vapors  of  the  EIL  is  lower  than  15°C) ; 

class  V-Ia-S  includes  rooms  of  class  V-Ia,  but  with  very 
dangerous  combustible  gases  or  vapors  (with  relative  density  less 
than  1.5;  the  lower  limit  of  explosiveness  is  from  2.5  to  10%, 
the  flash  point  of  the  EIL  vapors  is  from  15  to  28®C) ; 

class  V-Ia-L  includes  rooms  of  class  V-Ia,  but  with  dangerous 
combustible  gases  or  vapors  (relative  density  less  than  0.8;  the 
lower  limit  of  explosiveness  is  over  10%,  flash  point  of  the  vapors 
from  28  to  45 °C) . 

Note.  The  rooms  in  which  combustible  liquids  with  flash  point 
over  45°C  are  used  or  stored  (for  example,  warehouses  of  mineral 
oils,  units  for  their  regeneration,  etc.)  refer  to  fire -dangerous 
of  class  P-I. 

Class  V-Ib  refers  to  the  same  rooms  as  class  V-Ia,  but  is 
distinguished  by  one  of  the  following  features: 
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a)  in  these  rooms  it  is  possible  to  have  release  of  combustible 
gases  with  high  lower  limit  of  explosiveness  (15%  and  more)  and 
sharp  smell  with  maximum  permissible  concentrations  according  to 
the  sanitary  norms  (for  example,  machine  halls  of  ammonia  compres¬ 
sors  and  cooling  absorption  units  with  operating  personnel , 
constantly  or  strictly  periodically  servicing  them;  with  complete 
absence  of  the  service  personnel ,  additional  preventive  measures 
must  be  stipulated) ; 

b)  in  emergencies,  the  formation  in  rooms  of  general  explosion 
dangerous  concentration  is  excluded  according  to  the  conditions 

of  the  production  process  ,  and  local  explosion-dangerous  concen¬ 
tration  is  only  possible  (for  example,  rooms  of  water  electrolysis 
when  they  do  not  have  tanks  with  combustible  gases); 

c)  combustible  gases  that  easily  ignite  and  combustible 
liquids  are  in  rooms  in  small  quantities  that  do  not  create  a 
general  explosion-dangerous  concentration,  and  working  with  them  is 
done  without  the  use  of  open  flame.  These  units  are  classified  as 
nonexplosion-dangerous ,  if  work  is  done  in  them  in  exhaust  shafts 
or  under  exhaust  hoods . 

Class  V-Ib  also  includes  rooms  of  pumping  units  for  circula¬ 
ting  incombustible  liquids  through  the  apparatus  with  explosion- 
dangerous  gases,  if  these  units  are  installed  outside  the  rooms  of 
the  pumping  or  are  isolated  from  them,  and  reliable  protective 
devices  are  provided  to  prevent  penetration  of  the  combustible 
gases  from  the  apparatus  through  the  liquid  pipelines  into  the 
pumping  units . 

Note.  The  separation  of  the  explosion-dangerous  rooms  into 
classes  V-Ia-T,  V-Ia-S  and  V-Ia-L  is  still  not  stipulated  by  the 
PUE,  however,  it  is  permitted  to  classify  the  explosion-dangerous 
rooms  as  class  V-Ib  instead  of  V-Ia  for  gases  and  vapors  lighter 
than  air  (density  0.8  and  less  in  relation  to  air).  In  this  case, 
the  frequency  and  seriousness  of  the  emergencies  observed  during 
operation  of  the  production  must.be  taken  into  account,  as  well 
as  the  degree  of  reliability  of  the  stipulated  protective  measures 
(ventilation,  signalling).  One  can  expect  that  in  this  case,  the 
rooms  of  a  number  of  explosion- dangerous  productions  for  gases 
and  vapors  lighter  than  air  will  be  categorized  as  class  V-Ib. 
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TABLE  IV-14.  DISTRIBUTION  OF  CERTAIN  COMBUSTIBLE  SUBSTANCES 
ACCORDING  TO  CATEGORIES  AND  GROUPS 


Category 
of  explo¬ 
sion  dan¬ 


gerous 

mixture 


Group  of  explosion-dangerous  mixture 


Ammonia ,  methane 
dichloroethane , 
acetic  acid,  iso¬ 
butylene  ,  cylco- 
hexanol ,  a-methyl- 
styrene  ,  coal 
solvent,  methyl 
chloride,  aceto¬ 
nitrile 

Ethane  ,  propane , 
acetone ,  ethyl 
chloride ,  diethyl- 
amine  ,  benzene , 
toluene ,  xylene , 
ethylbenzene , 
chlorobenzene ,  di¬ 
isopropylene  ether 
isopropylbenzene , 
styrene ,  pyridine , 
blast  furnace  gas-; 
gasoline  B-100, 
carbon  monoxide , 
isobutane  ,  naph¬ 
tha  1  in 

Ethylene  .lamp  gas , 
coking  gas (appro¬ 
ximately  30%  me¬ 
thane  ,60%  hydrogen 
remaining  CO ,N , 
CHJ 

Hydrogen ,  water 
gas  ,  mixture  of 

fases :* 

.  93.15%  H- ; 

4.8%  CO;  0.55%  CH# 
1.5%  N«+  Ar  H 

2.  6675%  H,;  ' 

24.4%  CO;  6.5%  CH 
7.2%  C0,;1.4%  N«+ 
|Ar  L  L 

3.  72-75%  H9;21- 

18%  CO ; 1%  HCOo;  6%  [ 

!ch,+n2  j 

4.  Gases  of  pyro-  > 
lysis  for  acetylene 
[production: 


Acetic  anhydride 
butyl  alcohol 
(tertiary) ,  iso¬ 
propylene  alco¬ 
hol  ,  isoprene , 
isobutanol , 
vinyl  acetate , 

|  amyl  acetate 

Butane ,  pentane , 
propylene .methyl 
alcohol ,  ethyl 
alcohol ,  ethyl 
acetate ,  is  #- 
pentane ,  butyl 
alcohol  (normal) 
butyl  acetate , 
dioxane  ,  furfural] 
divinyl ,  nitrile 
of  acrylic  acid , 
nitrocyclohexane 


[White  spirit , 
turpentine , 
cyclohexane 


Hexane ,  ace 
taldehyde , 
ethylcello- 
sols  ,  fuel 
T-l  ,  gaso¬ 
lines  (A-66  , 
B-70)  ,  heptyl 
samin 


Ethylene  oxide  , 
propylene  oxide 


Acetylene 


** 


Jiethylene 
ither  of 
ithylene 
5lycol 


Diethyl (black 
ether  ,ethyl- 
dichlorosilan 
jvinyltrichlori 
silan 

[Hydrogen  sul¬ 
fide  ,  tri- 
ichlorosilan 


Carbon 

disul¬ 

fide 
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K  * 


j  56%  H0;  25%  CO;  6% 

CH,5  8-10%  C7H„;  3% 

\cok2 

5.  Nitrogen-hydro¬ 
gen  mixture: 
j  75%  H2;25%  N2 

*The  category  and  group  of  the  indicated  gas  mixtures  must  be 
experimentally  confirmed. 

Acetylene  cannot  be  classified  with  the  fourth  category  since  the 
gaps  in  the  explosion- impermeable  shells  for  acetylene  are  much 
smaller  than  the  permissible  for  the  fourth  category.  Acetylene 
belongs  to  group  B  according  to  the  temperature  of  spontaneous 
combustion. 


However ,  one  should  consider  that  the  most  reliable  electrical 
equipment  must  be  selected  for  these  rooms.  The  production  rooms 
of  this  type  should  be  classified  with  the  explosion- dangerous 
class  V-Ia-L.  The  requirements  for  the  electrical  equipment  of 
these  rooms  are  reduced  as  compared  to  the  requirements  for  the 
electrical  equipment  of  class  V-Ia,  but  are  considerably  increased 
as  compared  to  those  for  class  V-Ib. 


Class  V-Ig  includes  explosion-dangerous  outer  units  (VN) .  They 
can  be  divided  into  3  classes  according  to  a  diminishing  scale 
of  danger  (classification  of  GIAP) : 

VN-I — the  most  dangerous  units  with  compressed  gases; 

VN-Ia — technological  units  and  containers  with  easily  igniting 
liquids ; 

VN-Ib — technological  units  and  apparatus  with  combustible  gases 
lighter  than  air. 

The  following  zones  should  be  considered  explosion- dangerous: 

for  the  class  VN-I--in  limits  of  30  m  from  the  technological 
apparatus  on  the  horizontal  and  the  vertical  (at  the  suggestion 
of  GIAP); 

for  classes  VN-Ia  and  VN-Ib--respectively  in  limits  of  20  m  and 
no  less  than  3  m  on  the  horizontal  and  vertical  from  the  tech¬ 
nological  apparatus  ,  and  5  m  from  the  breather  and  safety  valves 
of  the  apparatus  and  gas  holders  (according  to  PUE  data). 


The  nonexplosion- dangerous  rooms  include: 
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a)  rooms  in  which  solid,  liquid  or  gaseous  fuel  is  burned  (for 
example,  furnace  divisions  of  gas  generator  stations,  gas  boilers, 
etc.);  productions  in  v?hich  the  technological  process  is  associ¬ 
ated  with  the  use  of  an  open  flame  or  incandescent  particles  (for 
example,  opening  electric  and  other  furnaces);  rooms  in  which  the 
heating  temperature  of  the  outer  surfaces  of  the  apparatus  exceeds 
the  temperature  of  spontaneous  combustion  of  the  vapors  and  gases 
of  the  environment; 

b)  individual  gas  analyzers  insulated  from  explosion- dangerous 
rooms  for  analyzing  explosion-dangerous  gases  ,  vapors  and  gas 
mixtures  can  be  categorized  as  nonexplosion-dangerous  ,  if  the  size 
of  the  room  is  such  that  if  there  is  a  comolete  break  in  the  gas¬ 
conducting  pipe  of  one  gas  analyzer  (regardless  of  the  number  of 
them  in  this  room)  and  when  the  gas  pressure  in  it  is  no  more  than 
8  m  wat.  col. ,  the  lower  limit  of  explosiveness  of  the  gas  in  the 
mixture  with  air  may  not  be  reached  in  1  h.  The  size  of  room  that 
is  computed  according  to  the  following  equation  will  satsify  this 
condition: 

„  lisatfVi 
’~nkV~ 

where  D--inner  diameter  of  gas  conducting  pipe  of  the  gas  analyzer, 
mm  (but  not  more  than  7  mm) ; 

h — gas  pressure  in  the  gas  conducting  pipe,  mm  wat.  col.; 

n — lower  limit  of  explosiveness  of  gas  ,  % 

k — frequency  of  air  exchange; 

3 

p — density  of  gas,  kg/m  . 

The  recommended  area  of  vitrification  in  the  rooms  of  the  gas 
2  3 

analyzers  is  0.05  m  per  1  m  of  room  size. 

The  most  important  preventive  measures  which  improve  the 
reliable  operation  of  the  plants  are  sanitary- technical  ventilation 
which  is  stipulated  in  all  the  rooms  ,  and  automatic  signalling  when 
an  explosion-dangerous  concentration  develops.  It  is  permitted  to 
reduce  the  classes  of  explosion- dangerous  rooms  of  V-I ,  V-Ia  and 
V-II  by  one  degree,  if  the  following  measures  have  been  taken 
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or  one  of  them: 


a)  several  continually  operating  ventilation  units  have  been 
installed,  and  if  there  is  an  emergency  stopping  of  one  of  them, 
the  others  guarantee  the  maximum  effectiveness  of  ventilation  in 
the  room; 

b)  a  reserve  ventilation  unit  has  been  installed  which  is  auto¬ 
matically  turned  on  when  there  is  an  emergency  stopping  of  the 
working  unit; 

*  c)  when  an  explosion-dangerous  concentration  develops  which  does 

not  exceed  20-502  of  the  least  explosion-dangerous  (and  for  toxic 
substances--when  the  concentration  approaches  the  sanitary  norms)  , 
automatic  signalling  is  triggered. 

Table  IV- 15  presents  a  classification  of  the  production  rooms 
and  outer  units  of  the  nitrogen  industry  for  fire-  and  explosion- 
danger  which  was  compiled  according  to  chapters  VII- 3  and  VII-4  of 
f  the  PUE. 

Below  are  the  requirements  for  the  substations  ,  distribution 

devices  and  electric  rooms  which  can  be  built  into  the  explosion- 

12 

dangerous  rooms  or  built  onto  them. 

j  1.  Direct  arrangement  of  the  distribution  devices  with  voltage 

of  1000  V  and  higher  in  explosion- dangerous  rooms  of  all  classes 
is  generally  not  permitted;  it  is  forbidden  in  rooms  of  classes 
V-I ,  V-II ,  V-Ia-T  and  V-Ia-C;  in  rooms  of  classes  V-Ia-L,  V-Ib  and 
V-IIa  it  is  permitted  in  the  corresponding  explosion-protection 
design. 

^  It  is  permitted  to  install  control  knobs  ,  columns  ,  panels  and 

boards  of  control  over  the  electric  motors  in  the  explosion-pro¬ 
tection  design  or  panels  with  apparatus  and  electrical-measuring 
instruments  installed  on  them  or  built  into  them  in  a  design 
permissible  for  the  appropriate  class  of  explosion- dangerous  rooms. 
This  equipment  may  be  installed  in  rooms  of  all  clasaes. 
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2.  It  is  not  permitted  to  build  in  distribution  devices  in 
rooms  of  classes  V-I ,  V-II ,  V-Ia-T  and  V-Ia-S. 

It  is  permitted  to  build  in  transformer  substations ,  distribu¬ 
tion  devices  with  voltage  to  1000  V  and  higher  and  electric  rooms 
into  rooms  of  classes  V-Ia-L,  V-Ib  and  V-IIa.  The  latter  must  be 
insulated  from  the  explosion- dangerous  rooms  by  walls  and  roofing 
with  limit  of  flame-resistance  of  no  less  than  1  h  and  must  have 
one  exit  to  the  outside  with  length  to  7  m  and  two  exits  with  length 
of  7  m  and  more.  It  is  permitted  to  place  one  of  the  exits  in  the 
adjacent  nonexplosion-dangerous  room  or  in  the  exp los ion- dangerous , 
but  with  installation  of  a  double  door  with  fire-proof  self-closing 
door  with  limits  of  fire-resistance  no  less  than  0.75  h. 

The  distance  on  the  horizontal  from  the  edge  of  the  windows  and 
the  doors  of  explosion-dangerous  rooms  of  class  V-Ia-L  to  the  edge 
of  the  doors  of  the  adjacent  distribution  devices  and  electric 
rooms  must  be  no  less  than  6  m.  The  openings  in  the  walls  and  in 
the  floor  for  laying  cables  and  pipes  must  be  solidly  made  of 
incombustible  materials. 

When  the  distribution  devices  and  the  electric  rooms  are  placed 
on  the  upper  stories  ,  the  exits  from  them  can  be  made  in  non- 
exp  los  ion- dangerous  adjacent  rooms  (onto  the  stairwell,  into  the 
corridor) . 

Rooms  of  class  V-Ib  can  be  separated  from  the  distribution 
devices  and  electric  rooms  by  fireproof  walls  or  partitions  with 
fireproof  self-closing  doors  (without  double  doors). 

3.  It  is  permitted  to  add  on  substations  with  transformers 
to  the  rooms  of  all  classes  (it  is  desirable  to  have  dry  or  in¬ 
combustible  filler)  ,  distribution  devices  and  electric  rooms ,  and 
to  rooms  of  classes  V-I,  V-IIj  V-Ia-T  and  V-Ia-S — only  in  those 
cases  where  it  is  impossible  or  difficult  to  remove  them  because 

of  the  limitedness  of  the  territory ,  encumbered  with  underground  or 
surface  piping. 
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The  transformer  chambers  must  not  have  windows  ,  doors  or  any 
other  openings  that  communicate  with  explosion-dangerous  rooms. 

The  walls  which  separate  the  substation  from  the  explosion- 
dangerous  rooms  must  be  incombustible  with  limit  of  fire-resistance 
no  less  than  1.5  h. 

Explosion-dangerous  gases  must  not  penetrate  through  the 
ventilation  openings.  This  is  achieved  ,  for  example,  by  installing 
?  individual  ventilation  systems  or  by  the  appropriate  arrangement 

of  the  balanced  air  ducts. 

The  distribution  devices  and  electrical  rooms  are  made  analo¬ 
gously  to  point  2.  In  addition,  gage  pressure  of  pure  air  equal 
to  5  mm  wat.  col.  must  be  provided  for  in  the  substations  that  are 
attached  to  the  rooms  of  classes  V-I ,  V-II ,  V-Ia-T  and  V-Ia-S. 

The  walls  which  separate  the  rooms  of  the  substations  from  the 
explosion-dangerous  rooms  must  be  plastered  on  both  sides. 

Exits  from  them  into  the  explosion-dangerous  rooms  are  forbidden. 
Input  of  cables  and  pipes  from  the  electrical  rooms  and  from  the 
distribution  device  into  the  explosion-dangerous  rooms  is  only 
permitted  through  the  outer  walls  or  through  the  buffer  rooms 
(stairwells,  corridors,  etc.).  Openings  in  the  walls  after  laying 
of  the  cables  and  pipes  must  be  packed  and  reliably  made  of  incom¬ 
bustible  materials  (according  to  decision  No.  E-3/67  of  the 
Technical  Administration  of  the  USSR  Ministry  of  Power  and  Elec¬ 
trification  of  18  March  1967). 

When  the  electrical  rooms  and  distribution  devices  are  placed 
**  on  the  upper  stories  of  the  rooms  of  classes  V-I,  V-II,  V-Ia-T 

and  V-Ia-S,  one  exit  must  be  made  on  the  outer  balcony  with  the 
possibility  of  descending  on  the  built-in  staircase  (fire  escape 
is  permitted) . 

If  the  distribution  devices  are  arranged  on  the  upper  stories 
of  the  room  of  classes  V-Ia-L,  V-Ib  and  V-IIa,  both  exits  may  be 
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TABLE  IV-1S .  CLASSIFICATION  OF  ROOMS  AND  OUTER  '-TUTS  FOR  FIRE  AND  EXPLOSION  DANCER  _ 


Section ,  shop  or 
structure 


(Architectural -(General  Characteristics  of  environ-  Class  of  most  (units) 


construction 
forms  of 
structure 


Conversion  of 
methane  and  car- 
on  monoxide 
( technological 
apparatus  outside 
building) 

Seoarate  room  for  (Single-story 
trigger  gas 
olowers 

The  same  for  pumpstrhe  same 


(Outer  plat 
forms 


The  same  for  acid 
blowers 
Monoethanol- 
amine  purifica¬ 
tion!  technologi¬ 
cal  apparatus  out-| 
side  building 
Separate  room 
for  pumps 

Water  and  copper- 
ammonia  purifica¬ 
tion 

Regeneration  of 
copper -ammonia 
solution 
Compression  and 
synthesis  of 
ammonia 

Synthesis(tech- 
no logical  appara- 


eristics 
jo f  envi 
Ironment 


pharact-  pent  for  fire-  ami  cxplo- 


sion-dangcr 


Production  of  ammonia 


Atmo- 

soheric 

condi¬ 

tions 


Normal 


3uter  plat  - 
forms 


tingle- story 
building 

The  same 


Ugh  two- 
Itory  build¬ 
ing  with  plat-(actlve 
forms 

hiter  plat-  lAtno- 
forma  Ispheric 


Wet 


Normal 

|Atmo- 

spheric 

condi¬ 

tions 

IWet 


The  same 


4A  (for  converted  gas: 
66.5!  24. 4Z  CO:  0.5T 

CH4:  7.5lC02:  1.4TN2+Ar 


|1  A  (for  methane) 

j(*A 

(Exnloaion-safe 

4a ( for  purified  converter 
teas:  93.21  H3,  4.8Z  CO: 
0.5Z  CH,  1.5 1  N, 


Wet  che¬ 
mically 
active 
Chcmlcal-| 
>ly  low- 


,+Ar) 


4A 


4A(for  purified  converter 
gas :  70Z  H,:  4.9Z  CO: 

0.5Z  CH.:  1 76Z  CO,;  23Z  N,> 


jlA  ( for'ammonia  vapors) 


tA(for  nitrogen-hydrogen 
ixture:  75*  H2:  25ZNj) 


the  same 


V-Ig(VN-Ib) 


V-Ia-L  (V-la  for 
gases  and  vanors 
lighter  than  air 
Electrical  equipment 
selected  as  for 
class  V-Ib 


V-Ig(VH-Ib) 


Electrical  equipment 
selected  as  for  V-Ib 
class 
V-Ia-L 


V-Ib 


V-la-L 


V-Ig(VN-lb) 
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tus  outside 
building) 

Methane  conver¬ 
sion 

Monoethanolamine 
purification  (tech-[ 
nological  apparatus^ 
outside  buiding) 
Compression  and 
synthesis 


jconditions  j 
Production  of  methanol 

(Outer  plat-  AtmosohericfeA( for  converted  gas:  65Z  H, 
[forms  conditions  28Z  CO:  6Z  CO,:  1Z  CH^+N,)  z 

(The  same  The  same  iA(for  gas  mixture: 

J0-29Z  CO: 


Synthesis (techno¬ 
logical  apparatus 
outside  building) 
De-etherization , 
distillation  of 
methanol  ,  perman¬ 
ganate  purifica¬ 
tion  and  warehouses' 

Turbocompression 


High  two- 
story  build¬ 
ing 

(Outer  plat- 
lforms 


Building  with 
platforms 


Normal 


Atmospheric|The 
conditions 


Wet 


1Z  CH4+N2; 


68-69ZH, 

1ZC02) 


fiAtfor  gas  mixture-.  72-75 Z 
Hi:  24-21Z  CO:  1Z  CH,+N,: 
CO,'  4  i 


V 

same 


CBffor  methanol) 


Production  of  nitric  acid  under  pressure 


Conversion (con tact 
section) 

The  same,  but  with 
technological 
apparatus  outside 
bul lding 

Neutralization 


Two- story 
building  with 
platforms 
The  same 

Outer  plat- 
Eorms 


Chemically 

active 

The  same 


lA(for  ammonia  vapors) 
The  same 


Production  of  ammonium  nitrate 


lultistory 
mllding  with 
>latforma 


Evaporation,  dryingj'he  same 
and  cooling 
Granulation 


Chemically  jlA  (for  ammonia  vapors) 
active 
(Vapors  of 
Inltric  acidll 
Wet  and  dusBFor  dust  of  ammonium  nitrate 


Packing  with  load¬ 
ing  and  warehouse 


'overt  with 
mpers tructur^ 
»ne-story 
■uildlng 


Dust 

(The  sane 


1A  (for  dust  of  ammonium 
(nitrate  and  ammonia  vapors) 
(The  same 


Gas  holders 


V-lg(VN-Ib) 

The  same 

V-Ia-L 

V-lg  (VN-lb) 

V-Ia-S(V-Ia  for 
gases  and  vapors 
with  relative  den¬ 
sity  less  than  1.5) 

V-Ib 

V-Ig  (VN-lb) 

V-lb 

V-IIa 

V-Ila  and  V-Ib 
V-IIa 
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Gas  holder  of  con¬ 
verted  gas ,  gases  of 
pyrolysis  or  water 
gas 

Chamber  of  gas  input 


Gas  holder  of  semi- 
water  or  coking  gas 
Chamber  of  gas  input 


Metal  struc¬ 

Atmospheric 

4A  (for  converted  gas  .gases  of 

ture 

conditions 

pyrolysis  or  for  water  gas) 

Single- story 
deepened 
building 
Metal  struc¬ 

OamD 

The  same 

Atmospheric 

3A  (for  semi-water  or  coking 

ture 

conditions 

gas) 

Single-story 

deepened 

building 

Damp 

The  same 

' 

V-Ig(VN-lb) 


V-I 


V-Ig  (VN-Ib) 
V-l 


Boiler (ash,  bunker 
section:  rooms  of 
electrical  filters 
ventilators  and  mill^ 
Section  of  coal 
supply.  Preparation 
and  transporting  of 
coal 

Preparation  of  coal 
dust 

Machine  hall  with 
gas  turbines* 

Pump  macut 


Auxiliary  production  units  (according  to  decision'  No.  E-17-62  of  Soyur- 
glavenergo  of  17  October  1962) 


jStructure 
[with  plat¬ 
forms 

t 

Structure 
|with  plat¬ 
forms 

The  same 


Oil  point  (warehou3e*jrhe  same 
and  distributing 
lubricants) 

Room  of  storage 
batteries** 

Double  door  into 
storage  battery 
room 

Chamber  of  exhaust 
ventilation  from 
storage  battery  room 
Open  warehouses  of 


|Two-story 

structure 

[One-story 

structure 


High  air 
temperature 

Dust 


Flash  point 
of  vapors 
above  tOS’C 
The  same 


Normal 


Atmospheric 


Fire-dangerous 


Explosion-dangerous 


Fire-dangerous 


The  same 


4A  (for  hydrogen) 


Fire-dangerous 


P-IX 


V-IIa 


P-I 


P-I 


V-Ia  ( V-Ia-L) 
V-Ib 


V-Ib 


P-IIt 
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fuel  (coal  and  peat)  conditions 

Open  unit  of  tanka  with  -  The  same  Fire-dangerous  P-III 

oil  and  mazut 


♦The  machine  hall  with  gas  turbines  is  a  room  with  normal  environment.  It  is  necessary 
to  stipulate  the  following  measures  in  it  to  guarantee  fire  safety:  intensified  venti¬ 
lation  during  normal  operation:  emergency  ventilation:  installation  at  the  gas  pipe  inlet 
into  the  machine  hail  of  a  cut-off  valve  which  is  automatically  triggered  when  the  gas 
pioellne  breaks:  Installation  of  a  relay  which  turns  off  the  gas  supply  into  the 
combustion  chamber  if  the  pilot  light  goes  out:  installation  In  the  area  of  location  of 
the  gas  pipeline  and  gas  valves  of  automatic  gas  analyzers  which  are  connected  to  the 
cut-off  valve  and  with  the  relay  for  turning  off  the  gas:  minimum  number  of  flange  connec¬ 
tions  on  the  section  of  the  gas  pioellne  in  limits  of  the  machine  hall. 

**The  cites  of  location  of  the  storage  batteries  that  are  connected  to  the  charging  units 
and  ventilation  units  which  guarantee  reliable  ventilation  before  the  beginning  of 
charging,  during  it  and  after  its  completion  are  not  standardized.  Requirements  for 
installation  of  windows,  lams  and  the  use  of  individual  easily-exoendable  covering 
panels  do  not  cover  these  storage  battery  rooms  (see  SNIP  P  -X.  8-62,  table  1). 
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into  nonexplosion-dangerous  adjacent  rooms  (into  the  stairwell, 
corridor  ,  etc . ) . 

The  distance  on  the  horizontal  from  the  edge  of  the  windows 
and  doors  of  the  explosion-dangerous  rooms  to  the  edge  of  the  doors 
of  the  connected  rooms  of  the  substations  and  the  distribution 
devices  must  be:  for  rooms  of  classes  V-I ,  V-Ia-T,  V-Ia-S  no 
less  than  10  m;  for  rooms  of  class  V-Ia-L  no  less  than  6  m.  The 
doors  of  the  connected  rooms  should  moved  to  the  other  side  if 
possible. 

4.  It  is  permitted  to  connect  to  rooms  of  all  classes  complete 
transformer  substations  (KTP)  with  transformers  (desirably  dry  or 
with  incombustible  filler)  ,  and  in  rooms  of  classes  V-Ia  and  V-Ib 
it  is  permitted  to  build  in  a  KTP  room.  In  the  KTP  rooms  that  are 
added  onto  the  rooms  of  classes  V-I,  V-Ia-T  and  V-Ia-S,  gage  air 
pressure  must  be  provided  which  is  equal  to  5  mm  wat.  col.  (accor¬ 
ding  to  the  decision  No.  E-3/67  of  the  Technical  Administration  of 
the  USSR  Ministry  of  Power  and  Electrification) . 

The  walls  which  separate  the  KTP  rooms  from  the  explosion- 
dangerous  must  be  fireproof  with  limit  of  fire-resistance  no  less 
than  1.5  h,  for  KTP  with  oil  transformers,  and  no  less  than  0.75  h 
for  KTP  with  dry  transformers  or  filled  with  incombustible  substan- 
substances. 

The  exit  from  the  KTP  room  must  be  to  the  outside.  For  rooms 
of  classes  V-Ia-L,  V-Ib  and  V-IIa,  one  of  the  exits  may  be  into 
the  nonexplosion-dangerous  adjacent  room.  The  distance  on  the 
horizontal  from  the  edge  of  the  windows  and  doors  of  the  explo¬ 
sion-dangerous  rooms  to  the  edge  of  the  doors  of  the  KTP  room  must 
be:  for  rooms  of  classes  V-I,  V-II,  V-Ia-T,  V-Ia-S  10  m;  for 
rooms  of  class  V-Ia-L  6  ra.  The  doors  of  the  KTP  should  be  on  the 
other  side  if  possible. 

The  complete  transformer  substations  with  oil  transformers  which 
can  be  connected  to  rooms  of  classes  V-I,  V-II,  V-Ia-T  and  V-Ia-S 
should  not  have  more  than  two  transformers  with  rated  power  of 
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over  1000  kW  each.  Only  auxiliary  or  general  nonexplosion- 
dangerous  rooms  with  a  few  personnel  may  be  located  above  the  KTP 
rooms . 

The  floors  and  bottoms  of  the  passages  or  areaway s  of  the  sub¬ 
stations  ,  distribution  devices  ,  electrical  rooms  and  KTP  must  be 
higher  than  the  floors  of  the  adjacent  explosion-dangerous  rooms 
of  classes  V-I,  V-Ia-T  and  V-Ia-S  by  no  less  than  0.25  m.  An 
exception  is  permissible  for  cable  passages  of  distribution  devices 
of  the  substations  when  the  passages  are  located  at  a  distance  of 
no  less  than  3  m  from  the  explosion- dangerous  rooms  of  the  indi¬ 
cated  classes. 

The  minimum  gaps  from  the  built-in  transformer  substations 
(TP)  ,  distribution  devices  (RU)  and  distribution  points  (RP)  to 
other  explosion-dangerous  rooms,  explosion- dangerous  outer  units 
and  vessels  should  be  adopted  in  accordance  with  the  decision 
presented  in  the  protocol  of  the  technical  conference  with  the 
chief  engineer  of  the  State  Power  Inspection  of  6  May  1968. 

Electrical  Equipment 

One  of  the  most  reliable  designs  of  explosion-protected  electri¬ 
cal  equipment  is  explosion-impermeable  which  is  popular  in 
explosion- dangerous  productions  of  the  nitrogen  industry.^-®  This 
equipment  is  currently  manufactured  for  media  1A  with  marking 
VIA  (RV) ,  2B  with  marking  V2B  and  3G  with  marking  V3G.  The 
electrical  equipment  that  is  made  for  a  more  dangerous  medium  can 
be  used  in  less  dangerous  one  if  the  appropriate  explosion-pro¬ 
tected  electrical  equipment  is  lacking ,  as  well  as  in  those  cases 
where  this  is  expedient.  For  example,  electric  motors  with 
marking  V2B  can  be  used  in  media  1A  ,  IB,  2A  and  2B ,  and  with 
marking  V3G-- in  media  1A,  XB,  1G,  2k,  2B ,  2G,  3B  and  3G. 

The  explosion-impermeable  electrical  equipment  that  is  manufac¬ 
tured  to  operate  in  an  explosive  medium  of  a*  certain  category  or 
group  can  be  used  in  an  explosion-dangerous  medium  of  the  same 
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category  of  another  group  if  the  maximum  possible  temperature 
of  the  outer  parts  of  the  shell  in  the  working  regime  does  not 
exceed  the  permissible  for  this  group  (see  p.590  ).  Practical 
measurements  have  shown  that  for  the  currently  manufactured 
explosion-impermeable  electric  motors,  this  temperature  is  less 
than  95°C  with  rated  load.  However,  it  must  be  confirmed  by  the 
manufacturing  plants  or  the  appropriate  .organizations. 

According  to  GOST  183-66  ,  the  temperature  of  the  winding  of 

the  alternating  current  machines  with  class  V  insulation  must  not 

12 

exceed  125 °C.  According  to  plant  data  ,  depending  on  the  cooling 
system  and  the  polarity  of  the  electric  motors  ,  the  temperature 
drop  between  the  stator  winding  and  the  outer  surface  of  the 
electric  motor  fluctuates  in  limits  of  10-60°C.  The  nitrogen 
industry  uses  air-cooled  electric  motors  for  which  the  temperature 
drop  is  (roughly)  40°C.  In  this  case,  the  temperature  on  the 
surface  of  the  electric  motors  is  roughly  85°C.  Under  these 
conditions  ,  the  explosion- impermeable  electric  motors  with 
marking  VIA(RV)  can  be  used  in  explosion- dangerous  media  of 
category  not  only  1A,  but  also  IB  and  1G  (in  this  case  their 
marking  V1B  or  VlgO  ,  and  electric  motors  with  marking  V2B — in 
media  not  only  2A  and  2B ,  but  also  2G  (in  this  case  their  marking 
is  V2G). 

With  a  temperature  drop  of  45°C  and  temperature  on  the  surface 
of  80°C  ,  the  electric  motors  with  the  indicated  markings  can  be 
used  respectively  in  media  ID  and  2D,  and  with  marking  V3G  in 
the  medium  3D.  If  it  is  necessary  to  reduce  the  temperature  on 
the  surface ,  it  is  possible  to  correspondingly  decrease  the  rated 
output  of  the  electric  motors. 


The  dependence  of  overheating  of  the  surface  of  the  electric 
motor  mounting  on  the  load  current  is  approximately  determined 


where  IH  and  e^--rated  current  and  overheating; 
I  and  0- -current  and  overheating  for  given  load. 


Table  IV-16  gives  the  marking  of  explosion-protected  equipment 
of  various  designs. 


TABLE  IV-16.  CONVENTIONAL  DESIGNATIONS  OF  EXPLOSION-PROTECTED 
ELECTRICAL  EQUIPMENT 


Design  of  electrical 
equipment 

Explosion- 

dangerous 

medium 

Designa¬ 
tion  of 
medium 

Marking  of 
electrical 
equipment 

1.  Explosion-impermeable 

2.  Blown- through  under 
gage  pressure 

Coking  gas 

3A 

- 

V3A 

with  explosion- imper¬ 
meable  elements 

Ethers 

3  G 

P3G 

without  explosion- im¬ 
permeable  elements 

3.  Increased  reliability 
against  explosion 

Hydrogen 

4A 

1 

POA 

without  explosion- im¬ 
permeable  elements 
with  explosion-imper- 

Coking  gas 

1 

3A 

NOA 

! 

meable  elements 

Acetaldehyde 

2G 

N2G 

with  elements  blown 
through  under  gage 
pressure 

Carbon  disul¬ 
fide 

i 

4D 

NPD 

: 

with  oil-filled  elements 

Carbon  disul¬ 
fide 

4G 

NMG 

4.  Spark- dangerous  with¬ 
out  explosion  impermeable 
elements 

5.  With  oil  filling 

Ethvlene 

! 

1 

3A 

IOA /ethylene 

without  explosion- im¬ 
permeable  elements 

with  explosion-imper- 

Cyclohexane 

1G 

HOG 

meable  elements 

6.  Special 

Hethyl  alcoho] 

2B 

M2B 

with  elements  of 
increased  reliability 
against  explosion 

(Jitrocyclo- 

tiexane 

2B 

SNB 

with  explosion- im¬ 
permeable  elements 

Cyclohexanon 

1A 

S1A 

The  currently  manufactured  explosion- impermeable  apparatus 
with  marking  RV  is  mainly  designed  for  shafts  ,  but  can  be  also 
be  used  under  similar  conditions  in  shops  of  the  nitrogen  indus¬ 
try.  The  start-up-distributor  electrical  apparatus  is  mainly 
used  in  general  industrial  designs.  It  is  removed  from  the 
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explosion-dangerous  rooms  to  individual  rooms  isolated  from 
production.  This  is  the  most  reliable.  The  electrical  equipment 
in  the  design  of  increased  reliability  against  explosion  can  be 
installed  in  explosion-dangerous  rooms  of  classes  V-Ia-L;  V-Ia-S 
and  less  dangerous  ones.  It  is  permitted  to  use  explosion- imper¬ 
meable  electric  motors  with  squirrel-cage  .  rotor  under  conditions 
of  explosion-dangerous  media  of  a  higher  category  than  that  for 
which  it  was  made,  but  in  the  quality  of  closed  air-cooled  electric 
motors  in  the  design  of  increased  reliability  against  explosion. 

In  this  case ,  the  corresponding  temperature  conditions  must  be 
observed  (see  tables  21  and  22  of  PIVE) . 


Table  IV- 17  presents  the  conditions  under  which  a  certain  type 
of  explosion-protected  electrical  equipment  is  used. 


TABLE  IV-17 . 
EQUIPMENT 


AREA  OF  APPLICATION  OF  EXPLOSION -PROTECTED  ELECTRICAL 


Class  of  room  and  characteristics  of 
explosion- dangerous  medium _ _ 


Design 


With  marking  RV  and  V1G 

Explosion-dangerous  rooms  of  all  classes 
with  medium  1A ,  IB ,  1G  and  ID 
Explosion-dangerous  rooms  of  classes 
V-Ia  and  less  dangerous  with  medium 
2 A- 4 A  and  2B-4B 


Explo  s  ion-r  impermeable 

Closed* air-cooled  of 
increased  reliability 
against  explosion 


With  marking  V2B(V2G) 

Explosion-dangerous  rooms  of  all  classes 
with  medium  1A ,  IB ,  1G ,  ID ,  2A ,  2B  ,  2G , 
2D 

Explo sion- dangerous  rooms  of  class  V-IA 
and  less  dangerous  with  medium  3A,  3B, 

4A  and  4B 


Explosion- impermeable 
2. 

Closed  air-cooled  of 
increased  reliability 
against  explosion 


With  marking  V3G 

Explosion- dangerous  rooms  of  all  classes 
with  medium  1A-3A,  1B-3B,  1G-3G,  ID- 3D 
Rooms  of  class  V-Ia  and  less  dangerous 
with  medium  4 A  and  4B 


Explosion  impermeable 

Closed  air-cooled  of 
Increased  reliability 
against  explosion 


Note:  1.  The  possiblity  of  using  explosion- impermeable  electric 
motors  with  rated  or  reduced  power  in  rooms  of  the  more  dangerous 
group  than  that  for  which  it  was  made  (but  of  the  same  category) 
must  be  agreed  upon  with  the  manufacturing  plant  and  the  institute 
"Giproniselektroshakht . " 

2.  The  conditions  of  increased  reliability  against  explosion 
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are  set  by  the  institute  "Giproniselektroshakht. " 


The  currently  manufactured  oil  magnetic  starters  of  the  series 
BM-700  with  elements  in  the  design  of  increased  reliability  against 
explosion  have  marking  MND  and  are  suitable  for  all  explosion- 
dangerous  media  of  rooms  in  classes  V-Ia  and  less  dangerous  ones. 
However,  because  of  the  insufficient  reliability  of  the  PM-700 
starters,  they  should  be  avoided.  The  explosion-protected 
universal  switches  in  the  series  UP-5800  in  the  oil  design  with 
marking  HOD  are  suitable  for  explosion-dangerous  rooms  of  all 
classes  and  for  all  media. 

Lamps  of  increased  reliability  against  explosion  are  made  in 
types  NOB-300  and  NOB-150  with  incandescent  lamps  respectively  to 
300  and  150  W  for  media  1A-4A  and  1B-4B.  It  is  permitted  to  use 
lamps  NOB-300  and  NOB-150  with  lamps  respectively  to  200  and  100  W 
for  media  1G-4G  ir  the  temperature  of  spontaneous  combustion  of 
them  is  not  below  300°C.  Manufacture  has  been  started  of 
lamps  of  increased  reliability  against  explosion  with  incandescent 
lamps  to  500  W,  with  DRL  lamps  to  500  W,  for  group  B,  and  to  250  W 
for  groups  G  and  D;  with  luminescent  lamps  80  W  for  groups  B  and 
G,  and  40  W  for  group  D. 

One  of  the  most  reliable  designs  of  exolosion-orotected  elec- 
11  12 

trical  equipment  ’  is  blown-through  under  gage  pressure. 
Asynchronous  and  synchronous  electric  motors  of  high  power  are 
mainly  used  in  this  design,  from  250-300  kW  to  4000-6000  kW  and 
more,  with  velocities  from  125  to  3000  rpm.  In  the  design  blown 
through  under  gage  pressure,  electric  motors  can  be  used  of 
general  industrial  series.  They  include  asynchronous  motors  of 
the  AP  series  (modification  of  series  A),  DAZ ,  ATD,  etc.;  syn¬ 
chronous  motors  of  the  series  SDNZ ,  SDNP ,  SDS ,  SDKP ,  STM,  STMP 
and  others. 

The  electric  motors  can  be  cooled  according  to  an  open  or 
closed  system.  In  the  first  case,  the  cooling  clean  air  (usually 
outside)  is  sent  into  the  machine,  while  the  heated  is  discharged 


609 


from  the  explosion-dangerous  room.  With  this  method  of  cooling, 
it  is  necessary  to  have  a  filter  for  cleaning  the  air  of  dust. 

The  outer  air  can  be  contaminated  by  gases  or  vapors  which 
cause  corrosion,  therefore,  it  is  more  convenient  to  install 
a  closed  system  of  cooling  with  the  use  of  built-in  or  separately 
installed  water  air-cooler.  The  Novosibirsk  turbogenerator  plant 
manufactures  electric  motors  in  the  series  ATD  3000/6000  V  for 
3000  rpm  in  a  closed  blown- through  design  with  closed  system  of 
ventilation,  with  two  sections  of  air-cooler  located  in  the  stator 
housing..  In  this  design,  there  is  no  need  for  separately  installed 
air-cooler  and  air- lines. 

The  plant  "Elektrosila"  has  updated  the  series  of  asynchronous 
squirrel-cage  closed  air-cooled  electric  motors  DAZO.  They  are 
air  cooled  on  a  closed  system  through  a  tubular  air-cooler  instal¬ 
led  above  the  stator. 

Synchronous  motors  in  the  series  SDNZ  in  a  closed  blown-through 
design  with  closed  or  open  cooling  cycle  are  made  with  power  from 
320  to  10,000  kW  for  voltage  of  6000  V  with  leading  cos<|>*0.9  and 
for  velocities  from  100  to  1000  rpm.  Direct  connection  of  the 
electric  motors  to  the  circuit  for  full  voltage  is  permitted.  The 
motors  of  the  series  SDNZ  also  have  explosion-protected  modificar  . 
tion,  motors  in  a  design  blown-through  under  gage  pressure.  In 
this  case,  the  series  is  designated  SDNP.  The  types  of  motors 
are  correspondingly  designated.  The  adjustment  dimensions  and 
technical  data  of  the  motors  of  both  series  are  the  same. 

A  series  of  synchronous  motors  SDKP  in  design  with  blow- 
through  under  gage  pressure  with  closed  or  open  cooling  cycle 
has  been  developed  for  piston  compressors  of  increased  velocities 
with  opposite  movement  of  the  pistons.  They  are  made  with  power 
from  320  to  6300  kW  for  voltage  6000  V  with  leading  cos<(>*0.9  and 
for  velocities  from  250  to  600  rpm.  Direct  connection  of  the 
electric  motors  of  this  series  to  the  circuit  for  full  voltage  is 
permitted.  A  modification  of  these  motors  is  currently  being 
developed  for  voltage  of  10,000  V. 


The  turbocompressors  mainly  use  high-speed  synchronous  motors 
of  the  series  STM  for  3000  rpm  in  a  closed  blow- through  design  with 
power  from  1500  to  6000  kW  for  6000  V  and  power  of  4000  kW  for 
10,000  V.  They  are  started  through  jet  resistance  (reactor)  which 
reduces  the  voltage  to  50-70%  of  the  rated  (the  motor  for  1500  kW 
by  agreement  with  the  manufacturing  plant  can  have  direct  start) . 
According  to  a  report  of  the  Lys'va  turbogenerator  plant,  the  STM 
motors  can  be  made  with  power  from  800  to  9000  kW  for  voltage  of 
6000  or  10,000  V.  There  is  an  explosion-protected  modification  of 
the  STM  series  motors  in  a  blow-through  design  under  gage  pressure 
(STMP)  with  power  of  1500  ,  2000  and  4000  kW  for  6000  V  with  leading 
cos4>=0 . 9 . 

Panels  and  cases  with  control  and  measuring  equipment  in  a  closed 
blow- through  design  at  gage  pressure  with  open  ventilation  system, 
as  well  as  in  a  special  design  have  become  popular. 

Table  IV- 18  and  IV- 19  present  the  instructions  on  selecting 
designs  and  types  of  electrical  equipment  for  outer  and  inner  units 
of  the  nitrogen  industry. 

lit  is  expedient  for  enterprises  of  the  nitrogen  industry  to 
stipulate  the  following  categories  of  electrical  receivers  in  re¬ 
lation  to  their  reliable  electrical  supply. 

Category  0.  This  includes  especially  important  electrical 
receivers  of  continuous  production  and  electrical  receivers  necessary 
for  safe  stopping  of  the  production  process.  Power  supply  of  these 
electric  receivers  must  come  from  two  independent  power  sources  with 
installation  of  an  AVR  (automatic  reserve  turn-on) .  In  addition, 
a  third  independent  power  source  of  the  electric  receivers  of  the 
indicated  category  must  be  provided.  The  third  power  source  may  be 
mobile  power  plants  ,  the  nearest  municipal  power  plants ,  as  well  as 
storage  batteries . 

It  is  recommended  that  a  connector  be  installed  with  the 
nearest  points  that  have  independent  power ,  with  automatic  turn-on 


TABLE  IV- 18.  INSTRUCTIONS  FOR  SELECTING  ELECTRICAL  EQUIPMENT  FOR 


Section  or 
structure  Medium 


For  internal  production  units _ 

Class  of [Three-phase  currrent  electric  motor 
room _ I  to  600  V  to  6000  V  and  more 

Production  of  ammonia  and  methanol 


1 .  Convert | 4A 
sion  of 
methane 
and  carbon 
monoxide 

2.  Water  I 4A 
and  copper 
ammonia 
purifica¬ 
tion 

3. Separate  I 3A 
room  of 
start-up 
methane 
gas-blo¬ 
wers 

4 .  Regen-  | 1A 
eration  of 
copper- 
ammonia 
solution 
in  sepa¬ 
rate 
room 

5.  Mono-  |4A 
ethanol- 
amine  puri 
fication 
(MEA) 

6. Compres-  |4A 
sion  .as 
well  as 
synthesis 
(if  syn¬ 
thesis 
columns  ard 
in  the  same 
room 

7. Separate  {Normal 
room  for 
oxygen 
blow- thru 
(with  exr 
tension 
vessels) 


V-Ia-L 


V-Ia-L 


V-Ia-L 


V-Ib 


[V-Ia-L 


[V-Ia-L 


8. Turbo - 


Production 
|Chemi-  I- 


Exolosion-imnermeable 
series  MA-36‘,KO  ,KOM, 
VAO  and  other  mark- 
king  V4A  and  V3G. 
Permitted  in  design 
of  increased  relia¬ 
bility  against  explo¬ 
sion  with  markings 
VIA(RV)  and  V2B 


Closed  blow- through 
series  A02.DAZ0.  Pre¬ 
ferable  explosion- 
impermeable  series 
KO.KOM,  VAO  etc. 
with  marking  VIA(RV) 
(mandatory  for 
emergency  fans) 


Explosion- impermeable 
with  marking  V4 A. Per¬ 
mitted  in. design  of 
increased  reliability 
against  explosion  with! 
markings  VIA(RV)  , 

V2B  and  V3G  of  series 
Ma-36  .KO-KOM 


Closed  .blow- through 
at  gage  pressure, 
[with  open  or  closed 
cooling  cycle  of 
series  A ,  DAZ ,AP , 
SDNP.SDKP  etc. with 
[markings  POA.POD  or 
PNA ,PND .  Permitted 
in  design  of  in¬ 
creased  reliability 
against  explosion 
|with  markings  NOA 
or  N4A 


Closed  blow- through 
with  open  or  closed 
cooling  cycle  of 
series  AP.ATD.SDNP. 
9DKP  etc.  as  well  as 
protected  series  A, 
|ATD ,  SDKM  with  rings 
included  in  hood  of 
ib low- through  design 
Us  for  ooints  1t3 


The  same 


Protected  or  explosion-protected  series 
A ,  DAZ ,  ATD  etc. . 


of  diluted  nitric  acid  under  pressure 
|As  for  point  4  and  (Closed  blow- through 
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INTERNAL  ELECTRICAL  UNITS  OF  NITROGEN  INDUSTRY  PRODUCTION 


For  internal  production 
units 

I  - - - -  -  ~  — 

For  ventilation  units  of  sanitary- technical 
purpose  in  isolated  chambers 

Start-up 

apparatus 

instruments 
of  control 
and  measure¬ 
ment 

Class 
of  room 

Electrical  equipment 
for  exhaust 
systems 

for  intake 
systems 

Production  of  ammonia  and  methanol 


lMagnetic 
starters 
and  con¬ 
trol  units 
2 in  open  or 
protected 
design .ex- 
St  ended  from 
production 
rooms  .with 
remote 
control 


^Magnetic 
starters  , 
oil-filled 
series  PM- 
700  with 
marking  MNA 
Preferable 
magnetic 
starters 
and  blocks 
removed 
from  pro¬ 
duction 
rooms , 
with  re¬ 
mote  con¬ 
trol 
5As  for 
points  1-3 
6The  same 


Knob  posts 
pil-filled 
series  KU- 
700  with 
(marking  MOD 
[Control 
cases  with 
KU-700 
knobs  and 
hermetic 
ampere 
meter  D-180 
or  E-309 


|As  for 
points  1-3 


As  for 
points  1-3 
The  same 


V-Ib 

V-Ib 

V-Ib 


Non-ex¬ 

plosion 

danger¬ 

ous 


Explosion- impermeable 
electric  motors  with 
markings  RV  ,V2B  ,V4A 
and  V3G  of  series 
MA-140  ,VA0  ,K0  ,K0M  etc.| 
Closed  blow-through 
series  A0-A02  permit. 


Magnetic  starters  and 
control  blocks  remove 
from  chamber 
Knob  posts  .explosion- 
impermeable  KUV  serie^ 
with  VZG  marking  or 
oil-rfilled  series 
KU-700with  MOD  mark. 
Magnetic  starters  in 
dust-protected  or  pro 
tected  design 


Closed  blow- 
through  elec¬ 
tric  motors 
of  series  A0- 
A02 

(Magnetic  start¬ 
ers  .dust -water 
protected (their 
Jremoval  from 


V-Ib 

V-Ib 


Knob  posts  in  water - 
protected  design 
series  KU-123 


jAs  for  points 


Explosion- impermeable 
electric  motors  with 
marking  VIA(RV)  ,V2B  orlThe  same 
V3G  series  KO  ,K0M  etc. 

Close  blow- through 
series  A02  permitted 
Magnetic  starters  and 
Control  blocks  ,  re- : 
moved  from  chambers 
Knob  posts  .explosion- 
protected  oil-filled 
KU-700  with  MOD 
marking 
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chamber  desi¬ 
rable) 

Knob  posts .water- 
protected  series 
KU-123 

Protected  elec¬ 
tric  motors 
series  A2 
Magnetic 
starters  in 
protected 
design 

Knob-posts  in 
nrotected  de;- 
sign  series 
KU-122 


[continuation  of  table  IV-18  from  p.  612] 


compressor 

9 . Conver¬ 
sion  (con¬ 
tact  sec¬ 
tion) 


cally 
active 
The  same 
as  1A 


V-Ib 


if  possible  with 
chemically  stable 
insulation 


Closed  blow-through  with 
close  or  open  cooling 
cycle  series  A,  ATD,  SDNZ , 
STM  and  others. 


Production  of  ammonium  nitrate 


10. Neutra¬ 
lization 


11 . Evapo¬ 
ration  , 
drying-  and 
cooling 

12. Granula+ 
lation 

13.  Packing 
from  plat¬ 
form  and 
warehouse 


14.  Gas¬ 
holders  of 
converted 
gas  .gases 
of  pyroly¬ 
sis  or 
water  gas ; 
gas  input 
chamber 

15.  The 
same .but 
semiwater 
or  coking 
gas 


Chemi¬ 
cally 
active 
as  well 
as  1A 
Dust  of 
ammonium 
nitrate 

The  same 


4A 


V-Ib 


V-IIaThe  same 


V-I 


3A 


As  for  point  4  ancjAs  for  point  9 
if  possible  with 
chemically  stable 
insulation 


The  same 


Gasholders 


Electric  motors  must  be  removed  beyond 
the  limits  of  the  gas  input  chamber 


V-I  The  same 
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I  continuation  of  table  IV-18  from  p.  613] 


Magnetic 
starters  or 
control 
blocks  in-' 
protected 
design 


Normal 


Knob  posts 
protected , 
series  KU- 
122 

Cases  with 
Knobs  KU-12& 

(and  ampere  jneter  ,  ( 

Produ<rti35i  of  diluted  nitric  acid  under  pressure 


Normal 


8.  As  for 
point  4 

9.  The  same 


Knob  posts 
oil-filled 
series  KU- 
700;water- 
protected 
series  KU- 
123  permit¬ 
ted 

Cases  of 
control 
with  men¬ 
tioned 
knobs  and 
[hermetic 
ampere  me¬ 
ter  D-130 
[or  E-309 


Non-ex-  Closed  blow-through 
ploseivealectric  motors 
danger-  series  AQ2.  Protec- 
ious  ted  series  A2  per¬ 
mitted 


Magnetic  starters  , 
ail-filled  PM-700 
or  dust-protected 
(desirably  removed 
[from  chambers) 

Knob  posts  .oil- 
filled  or  water- 
protected 


Magnetic  starters 
in  protected 
design 

Knob  posts  in 
in  protected  design 
series  KU-122 


Production  of  ammonium  nitrate 


10.  As  for 
point  4 

11.  The  same 

12. 

13. 


14. Must  be 
removed  be¬ 
yond  limits 
of  gas  in¬ 
put  chamber 


As  for 
point  9 

The  same 


Non-ex-  |As  for  point  9 
plosion 
danger . 

The  samel  The  same 


As  for  points 
1-3 

The  same 


15, The  same 


Expedient 
to  remove 
from  gas 
input 
chamber . 
Knob  posts 
may  be  ex¬ 
plosion- 
protected  , 
oil-filledl 
series  KU- 
700  with 
MOD  mark, 
The  same 


Pasholders 

V-Ia-L  Explosion-impermeableAs  for  points 
electric  motors  of  )l - 3 
series  KO.KOM,  etc. 
with  V3G  marking. 

Start-up  apparatus 
must  be  removed  from 
chamber 


V-Ia-L 


The  same 


The  same 
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TABLE  IV- 19.  INSTRUCTIONS  FOR  SELECTING  ELECTRICAL  EQUIPMENT  FOR 


Section  or  structure 

Cate- 

Class 

gory  and 

of  rooms 

medium 

group _ 

1.  Conversion  of  me¬ 
thane  and  carbon 
monoxide 

2.  Water  and  copper- 
ammonia  purification 

3 .  Mono  e thano 1 - ammo - 
nia  purification. 
Compression  and  syn¬ 
thesis  (if  synthesis 
apparatus  is  placed 
in  the  same  room) 

4 .  Regeneration  of 
copper-ammonia  solu¬ 
tion  in  separate 
room 


V-Ig 

(VN-Ib) 


V-Ig 

(Vn-Ib) 


Explosion- impermeable  series 
KO ,KOM,VAO ,etc.  with  marking 
VlA(RV)  .V4A.V2B  or  V3G 


Closed  blow- through  DAZO  with 
heaters.  Closed  blow- through 
series  A,  DAZ ,  AP  ,  ATD  ,  SDNP , 
SDKP  etc.  with  sunply  of  clean 
air  at  temp,  of  5-35 °C 

As  for  points  1-3 


Production  of  diluted  nitric  acid  under  pressure 
Turbocompressor  Chemical' Nonexplo- As  for  points  1-3 

ly  active sion- 

dangerous 

Conversion (contact  The  same  The  same  The  same 

section)  and  1A 


Production  of  ammonium  nitrate 


Neutralization 


Evaporation .drying , 
cooling 
Granulation 
Packing  from  plat¬ 
form  and  warehouse 


Chemical  -  Nonexplo- A.s  for  points  1-3 

ly  actives ion 

and  1A  dangerous 

Dust  of  The  same  The  same 

ammonium 

nitrate 


Gasholders .of  con¬ 
verted  gas  .gases  of 
pyrolysis  or  water 
gas;  gas  input  cham¬ 
ber 

The  same ,  of  semi¬ 
water  or  coking  gas 


Gasholders 

[V-Ig 

(VN-Ib) 


As  for  points  1-3 
(for  zone  to  5  m) 


V-Ig 

(VN-Ib) 


I 

Note:  Electric  motors  and  electrical  apparatus  installed  in  the 
open  air  must  be  protected  from  atmospheric  effects. 
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EXTERNAL  UNITS  OF  NITROGEN  INDUSTRY  PRODUCTION10 


Start-up  apparatus 


Control  instruments 


Production  of  ammonia  and  methanol 


1.  Magnetic  starters  and  control 
blocks  installed  in  separate 
electric  rooms  or  in  dust- 
2. impermeable  cases 

3. Oil  starters  of  series  PM-700 
(with  definite  temperature) 

As  for  points  1-3 


Knob  posts  ,  explosion- impermeable 
series  KUV  with  marking  V3G 

Cases  with  indicated  knob  post9  ; 
and  hermetic  ampere  meter  D-180 
or  E-309 

Control  columns  K-3G  with  marking 
V3G 

As  for  points  1-3.  In  addition,  the 
knob  posts  also  with  marking  RV 


Production  of  nitric  acid  under  pressure 


As  for  points  1-3 


The  same 


Knob  posts  of  control ,  oil-filled 
KU-700  (with  definite  temperature) 
or  water-protected  KU-123 
Control  cases  with  indicated  knobs 
and  hermetic  ampere  meter  D-180 
or  E-309 


Production  of  ammonium  nitrate 


According  to  points  1-3 
The  same 

Gasholders 


As  for  points  1-3 
The  same 


As  for  points  1-3 


As  for  points  1-3 
(for  zones  in  limits  of  5  m) 
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TABLE  IV- 20.  CATEGORIES  OF  ELECTRIC  RECEIVERS  BY  RELIABILITY  OF  THEIR  ELECTRICITY  SUPPLY 


Production , 

Characteristics 

Class  of 

Type  and 

’ermis- 

Grounds  for  classification 

section  or  unit 

of  medium  for 

unit 

purpose  of 

ilble 

with  indicated  category 

explosion  danger 

electric  re- 

:ategory 

c elver 

>f  elec- 
:ric  re¬ 
reivers 

Production  of  annonia 

Production  as 

Explosion-danger-! 

V-Ia-L 

Synchronous 

1 

To  avoid  disruption  of  com- 

a  whole 

ous  for  conver- 

electric 

plicated  technological  pro- 

ted  gas(AA)  and 

motors  of  com 

- 

ceas  and  reduction  in  out- 

nitrogen-hydro- 

oressors  and 

put  of .Droduct 

gen  mixture (4A) 

asynchronous 
centrifugal 
pantos  ,  fans 
and  other 

mechanisms 

Conversion  of 

Explosion-danger- 

V-Ia-L 

Asynchronous 

1 

The  same 

methane  and 

oua  for  methane 

electric 

carbon  mono- 

(1A)  and  conver- 

motors  of  cen 

- 

aide 

ted  gas 

trlfugal  pumps 

and  fans 

Purification 

Explosion- danger- 

V-Ig 

Electric 

1 

The  same  and  disorders  in 

from  carbon 

oua  for  con- 

( VP! -  lb) 

motors  of  cut 

- 

control  of  production 

dioxide (external 
unit) 

verted  gas 

off  fittings 

process 

For  individual  units  'Cate¬ 
gory  0  la  recommended 

Aa  for  production  as  a 

Rooms  of  pump- 

The  same 

V-lb 

Electric 

1 

lng  units  with 

motors  of  wjm>s 

who  la 

removed  pro¬ 
duction  appara- 

and  fans 

tus 

Purification 

The  same 

V-Ia-L 

The  same  and 

1 

The  same 

from  carbon 

synchronous 

monoxide (wash- 

electric 

lng  with  liquid 

motors  of  com 

- 

nitrogen) 

Precatalysis 

Explosion-danger- 

V-Ig 

pressora 

Induction  ragu 

I 

The  same 

and  section  of 

sus  for  conver- 

latorsielectrlc 

synthesis 

cad  gas  and 

heaters 
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(usually  external 
units) 

Electric  drives 
of  cut-off  appara¬ 
tus  and  pneumatic 
units  for  regula¬ 
ted  and  cut-off 
apparatus 
Ventilation  units 
of  sanitary- tech¬ 
nical  purpose  (lo¬ 
cated  in  Isolated 
rooms) 

exhaust  vent  Hat. 

Intake  ventllat. 


Units  to  obtain 
and  distribute 
nitrogen  with 
gas  holders  for 
blowing  through 
production  equip¬ 
ment 

Pumping  units 
of  water  lines 
(mainly  located 
in  individual 
rooms) 
production 
antlf ire 
Electric  lamp 
units 

working  lighting 
emergency  lighting 


nitrogen-hydro¬ 
gen  mixture  (4A1 

(VN-lb) 

' 

Depending  on 
site  of  instal¬ 
lation 

(synchronous  elec¬ 
tric  motors  of 
gate  valves  and 
comnressors 

- 

(synchronous  elec¬ 
tric  motors  of  fans 

Depending  on 
site  of  instal¬ 
lation 

V-Ib 
Nonexplc 
sion  dan 
gcrous 

frimsrily  asynchro¬ 
nous  electric  motori 
pf  compressors  snd 
gas  blowers 

- 

Nonex¬ 

plosion 

danger¬ 

ous 

Primarily  asynchro¬ 
nous  electric  motor! 
>f  centrifugal  pumpi 

Depending  on 
site  of  Instal- 

Lighting  instrument! 

To  avoid  disorders  in 
control  of  production 
process 

For  individual  units , 
category  0  is  recommended 

Io  avoid  formation  of 
dangerous  concentrations 
of  combustible  gases 


To  avoid  danger  of  damage 
to  equipment  and  accidents 
In  the  absence  of  gas 
holders , .  category  0  is 
recommended 


As  for  production  as  a 
whole,  as  well  as  to 
guarantee  elimination  of 
of  fires  and  explosions 
For  antifire  water  line 
in  individual  cases  , 
category  0  is  recoasaended 
As  for  production  as  a 
whole 

1  To  avoid  disorders  in 

0  control  of  production  pro¬ 
cess 


i 


t 
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Production  of  diluted  nitric  acid 


Production  as  a  whole 

Explosion- 

dangerous  for 

aimnonia  in 

conversion 

sectlon(lA) 

Chemically 

active 

Synchronous  or  asynchronous 
electric  motors  of  compres¬ 
sors!  asynchronous  electric 
motors  of  pumps,  fans,  etc. 

2 

^To  avoid  reduction 
in  production  out¬ 
put 

Section  of  aimnonia 
conversion 

Explosion- 
dangerous  for 
ammonia 

v-it 

Asynchronous  electric  motors 
of  fans 

2 

The  some 

Compression  section 

Chemically 

active 

Synchronous  or  asynchronous 
electric  motors  of  compres¬ 
sors 

2 

M 

Absorption  section 

The  same 

“ 

Asynchronous  electric  motors 
of  pumps  and  fans 

2 

The  same 

Warehouse  of  nitric 
acid 

The  same 

The  same 

3 

To  avoid  reduction 
in  quantity  of  manu¬ 
factured  product 

Sanitary- technical 
fan  units  (located 
mainly  in  isolated 
chambers) 

| 

t 

' 

The  same 

2 

To  avoid  development 
of  dangerous  con¬ 
centration  of  toxic 
gaaee  and  vapors 
the  first  category 
is  reconrniendedr)  in 
individual  cases 

Pumping  stations 
of  water  lines 
(usually  located 
in  separate  rooms) 
production 
antifire 

1 

The  same 

2 

As  for  production  as 
a  whole  , as  well  as 
to  guarantee  elimi¬ 
nation  of  fires  and 
explosions 

For  anti-fire  water 
line  in  individual 
cases,  first  cate¬ 
gory  is  recoimnended 

Electric  lighting 
units 

working  lighting 
emergency  lighting 

depending  on 
Installation 

site 

Lighting  instruments 

; 

: 

As  for  production 
as  a  whole 

To  avoid  disorders 
in  production  pro¬ 
cess 

Production  of  Ammonium  Nitrate 


Production  as  a  whole  Explosion-  jV-Ib 
dangerous 
for  amsonla  , 

(1A)  and  fotj 
.  duet 

Neutralization  sect lor  Explosion-  |V-Ib 


Granulation  section 


Packing  and  warehouse 


Sanitary -technical 
fan  units 


Pumping  stations 
Electric  lighting 
unite 


[Asynchronous  electric 
motors  of  pumps  and 
fans 


.The  same 

dangerous 
for  aranon- 
la  and  chem 
lcally 
active 
Explosion 
dangerous 
for 

ansonla 

Explosion-  [V-lIa 
dangerous 
for  dust 
Mainly  lo¬ 
cated  in 
Isolated 
rooms 

As  for  pumping  stations  and  electric  lighting  units  for  production 
of  dlluated  nitric  acid 


Electric  motors  of  fang2 
and  conveyers 

Electric  motors  of  fantfe 


[To  avoid  reduction  In 
production  output 


the  same 


In  order  to  avoid 
strong  dust  accumula¬ 
tion 
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v  of  reserve  power. 

Category  1.  It  includes  important  electric  receivers  operating 
round-the-clock.  Interruption  in  their  power  supply  can  result  in 
a  disorder  in  the  complex  production  process  and  damage  to  the 
equipment  with  possible  danger  for  human  life.  These  electric 
receivers  should  be  powered  from  two  independent  power  sources  with 
two  or  more  lines  (air  or  cable)  when  the  AVR  is  installed. 

It  is  recommended  that  a  connection  be  installed  to  the 
nearest  points  that  have  independent  power. 

)  Category  2.  It  includes  electric  receivers  whose  interrupted 

power  supply  results  in  a  decrease  in  the  manufactured  product , 
idling  of  workers ,  equipment  and  mechanisms  ,  as  well  as  industrial 
transport.  These  electric  receivers  should  be  powered  from  two 
independent  power  sources  with  two  or  more  lines  (air  or  cable)  with 
AVR  installation.  The  use  of  one  two-circuit  line  is  permitted. 

It  is  recommended  that  a  connection  be  installed  to  the  nearest 
points  that  have  independent  power. 

Category  3.  It  includes  electric  receivers  of  auxiliary  shops, 
repair -mechanical  workshops .warehouses  of  auxiliary  materials,  etc.  , 
for  which  interruptions  in  the  electricity  supply  lasting  no  more 
^  than  24  h  are  permitted.  It  is  permitted  to  power  these  electric 

receivers  by  one  air  or  cable  line. 

*  Categorization  of  the  electric  receivers  for  the  nitrogen 

industry  depending  on  the  reliability  of  power  supply  is  presented 
*  i  in  table  IV- 20. 
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V.  Accident  Prevention 


The  majority  of  nitrogen  industry  productions  reprocess  com¬ 
bustible  and  toxic  substances.  When  there  is  a  disorder  in  the 
operating  regime ,  as  well  as  in  various  types  of  emergencies  ,  a 
danger  develops  of  considerable  quantities  of  these  substances 
entering  the  work  rooms  in  the  form  of  gases ,  vapors  and  dust.  This 
may  result  in  explosions,  fires  and  poisoning. 

Table  V-l  presents  a  classification  of  the  production  buildings 
according  to  the  degree  of  fire  danger. 

As  follows  from  table  V-l ,  the  most  dangerous  productions  of 
the  nitrogen  industry  correspondingly  belong  to  categories  A  (for 
hydrogen)  or  B  (for  ammonia) .  Since  these  productions  are  fire  and 
explosion  dangerous  ,  the  fire-resistance  of  the  construction  materials 
here  must  be  no  lower  than  the  II  degree. 

Higher  requirements  are  made  for  the  arrangement  and  operation 
of  the  productions  that  are  classified  by  degree  d>f  fire  danger  to 
categories  A  and  B.  These  requirements  are  stated  in  detail  in  the 
construction,  fire  and  sector  regulations  and  standards. 

The  production  of  ammonia,  methanol  and  nitric  acid  are  the 
most  dangerous  in  the  nitrogen  industry  since  it  is  possible  that 
ammonia,  hydrogen  sulfide,  nitric  oxides,  carbon  monoxide  and  other 
combustible  an(j  toxic  gases  could  be  released  into  the  working  area. 
When  these  gases  are  emitted  into  the  atmosphere ,  when  there  is 
insufficient  sealing  of  the  apparatus  and  pipelines ,  and  especially 
when  there  are  accidents  ,  strong  gas  content  generally  develops  in 
the  working  rooms  and  the  adjacent  territory.  Therefore,  hermetic 
sealing  of  the  apparatus  and  purification  of  the  production  wastes 
are  given  a  lot  of  attention. 

The  quantity  of  emissions  of  harmful  substances  into  the 
atmosphere  must  not  exceed  the  norms  indicated  in  table  V-3.  If  it 
is  not  possible  to  guarantee  the  required  degree  of  purification  of 
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Che  gases  of  harmful  admixtures ,  the  height  of  their  discharge  should 
be  selected  so  that  the  hazards  are  scattered  to  the  maximum  per¬ 
missible  concentrations.  In  order  to  protect  the  air  of  the  popu¬ 
lated  areas  from  harmful  production  emissions ,  the  agencies  of  the 
State  Sanitary  Inspection  have  set  up  sanitary  protected  zones  (mini¬ 
mum  permissible  distances  from  the  populated  areas  to  the  industrial 
enterprises).  The  sizes  of  the  sanitary-protected  zones  for  the 
nitrogen  enterprises  are  presented  in  table  V-3. 

In  order  to  guarantee  the  normal  working  conditions  at  the 
nitrogen  enterprises  ,  correct  classification  of  the  productions  to  the 
appropriate  group  of  production  processes  according  to  sanitary 
characteristics  is  very  important.  In  order  to  facilitate  this  work 
and  to  exclude  possible  errors  ,  table  V-l  presents  a  unified  classi¬ 
fication  of  the  groups  of  production  processes  for  enterprises  of 
the  nitrogen  industry. 

Table  V-3  also  presents  the  maximum  permissible  concentrations 
of  harmful  substances  in  the  waste  waters  and  basic  indicators  which 
characterize  the  toxicity  of  the  productions  of  the  nitrogen  industry. 

The  explosion  danger  of  the  nitrogen  industry  enterprises  is 
mainly  determined  by  the  use  in  these  productions  of  hydrogen  which 
has  a  low  lower  level  and  a  broad  range  of  explosiveness  (4-75%  vol.). 

It  is  also  necessary  to  take  into  consideration  that  the  minimum 
energy  of  ignition  of  hydrogen-air  mixtures  is  very  low,  only  0.019 
mJ  (i.e.  ,  10- fold  lower  than  the  energy  needed  to  ignite  acetylene. 
This  is  14-fold  less  energy  than. that  required  to  ignite  methane, 
30-fold  lesss  energy  than  ignition  of  methanol ,  and  400-rfold  less 
than  carbon  monoxide) .  Practically  any  spark  is  capable  of  igniting 
the  hydrogen-air  mixture.  Oxygen-hydrogen  mixtures  are  even  more 
dangerous . 

Almost  all  the  combustible  gases  used  in  the  nitrogen  industry 
are  good  dielectrics  which  create  high  static  electricity  potentials 
when  they  move  in  pipes  and  flow  from  pipes.  A  danger  of  gas 
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ignition  develops  as  a  result. 


TABLE  V-l.  CLASSIFICATION  OF  PRODUCTION, BUILDINGS  AND  STRUCTURES 
ACCORDING  TO  DEGREE  OF  FIRE  DANGER1*3*4'5'7"10 


Object 


Category 
of  fire 
danger 


Degree  of 
fire-resis 
tance  of 
buildings 
(no  lower) 


Production  of  synthetic  ammonia  and  methanol 


Crushing  unit  for  coke  preparation 

Section  of  preparation  .drying  and  supply  of  coal 

Gas  generator  station 

Section  of  purification  from  dust  of  gases  from 
gas  generator  section 

Gas  blowing  station  of  coking ,  natural ,  semiwater 
and  water  gases 

Section  of  purification  of  coking  gas  from 
naphthalin 

Pumping  station  with  arsenic-soda  wet  sulfur 
purification  (on  the  condition  that  the 
absorber  is  on  the  street) 

Section  of  regeneration  of  arsenic- soda  solution 
Warehouse  of  sulfur  in  section  of  sulfur  puri¬ 
fication 

Section  of  dry  sulfur  purification  of  coking , 
semiwater  and  water  gases 

Section  of  preparation  of  purification  mass  for 
dry  sulfur  purification  of  gases 
Section  of  purification  of  coking  gas  from  heavy 
hydrocarbons  by  coal  and  "organic"  sulfur  puri¬ 
fication 

Section  of  preparation  and  regeneration  of 
ammonium  sulfide  and  production  of  sulfur 
Section  of  conversion  of  natural  gas 
Section  of  CO  conversion 
Oxygen-blowing  section 
Air-blowing  section 
Section  of  air  compression 

Sections  of  compression  of  water ,  semiwater , 
coking,  natural  gases  and  nitrogen- hydrogen 
mixture 

Pumping  sections  of  purification  of  coking , 
water,  semiwater  and  converted  gases  of  CO^ 
(water,  water-ammonia,  alkali,  ethanol-ammlne 
purification  with  regeneration  of  ethanol-amine 
solutions )when  there  are  scrubbers  in  the  room) 
The  same,  but  with  scrubbers  outside  the  room 
on  the  condition  of  the  installation  of  reliable 
cut-offs 

Section  of  alkali  regeneration 
room  of  tanks  for  spent  alkali 


B 

B 

D 

A 

A 

A 


E 

E 

B 

A 

C 


A 

B 

A 

A 

B 

E 

E 


A 


A 

E 

A 


II 

II 

II 

II 

II 

II 


II 

II 

II 

II 

II 


II 

II 

II 

II 

II 

II 

II 


II 


II 

II 

II 
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remaining  rooms  ,  including  unit  for  preparation  E 
of  milk  of  lime 

Expander  and  unit  of  degasification  water  B 

Section  of  coking  gas  separation  A 

Section  of  washing  converted  gas  of  CO  by 
liquid  nitrogen  A 

Section  of  nitrogen  compression  E 

Section  of  air  separation  B 

Section  of  air  purification  from  CO2  E 

Ammonia-cooling  unit  B 

Pumping  section  of  copper-ammonia  purification 
when  scrubbers  are  in  the  room  A 

The  same ,  but  with  scrubbers  outside  room 
(on  the  condition  of  installation  of  reliable 
cut-offs)  •  E 

Section  of  regeneration  of  copper -ammonia  solutions  B 
Unit  for  preparation  of  copper -ammonia  solution  B 

Pumping  section  of  fine  purification  of  gas  from 
CO 2  when  scrubbers  are  in  the  room  A 

The  same,  but  with  scrubbers  outside  the  room 
(on  the  condition  that  reliable  cut-offs  are 
installed)  E 

Section  of  ammonia  synthesis  A 

Section  of  methanol  (raw  material)  synthesis  A 

Warehouse  for  liquid  ammonia  storage  B 

Unit  for  preparation  of  aqueous  ammonia 

from  blowing  gases  of  ammonia  production  A 

from  ammonia  B 

Warehous  of  aqueous  ammonia  B 

Warehouse  of  methyl  alcohol  A 

Shop  of  methanol  rectification  (sections  of  j 

de-etherization,  permanganate  purification,  ; 

distillation,  etc.)  A 

Room  for  filling  cylinders  with  ammonia  B  : 

Room  for  filling  cylinders  with  hydrogen  and 
nitrogen-hydrogen  mixture  A 

Room  for  filling  cylinders  with  oxygen  C  ! 

Warehouse  of  oils  and  their  regeneration  C  < 

Production  of  diluted  nitric  acid  at  atmospheric  pressure 

Station  for  collecting  and  filtering  air  E 

Contact  section  B 

Section  of  acid  absorption  E 

Section  of  alkali  absorption  E 

Section  of  inversion  E 

Section  of  preparation  for  milk  of  lime  or  j 

dissolving  of  soda  E  i 

Warehouse  of  lime  or  soda  E  j 

Production  of  diluted  nitric  acid  under  pressure 

Station  for  collecting  and  filtering  air  E 

Section  of  air  compression  E 

Section  of  conversion  and  absorption  iB  ! 


B 

II 

A 

II 

A 

II 

E 

II 

B 

II 

E 

III 

B 

II 

A 

II 

E 

II 

B 

II 

B 

II 

A 

II 

E 

II 

A 

II 

A 

II 

B 

II 

A 

II 

B 

II 

B 

II 

A 

I 

A 

II 

B 

II 

A 

II 

c 

II 

C 

II 

E 

III 

B 

II 

E 

II 

E 

II 

E 

II 

E 

1 

i  III 

E 

|  III 

ssure 

E 

III 

E 

!  II 

iB 

!  II 

Weighing  room  of  liquid  ammonia 

Section  of  turbocompression  of  nitrous  gases 

Section  of  absorption  located  outside  building 

Section  of  acid  bottling 

Warehouses  of  diluted  nitric  acid 


B 

E 

E 

E 

C 


II 

II 

II 

II 

II 


Production  of  concentrated  nitric  acid  by  method  of 
direct  synthesis  I 


Contact  section 

Oxidation  section 

Section  of  nitro-oleum  absorption 

Autoclave  section 

Warehouse  of  concentrated  nitric  acid 
Section  of  preparation  of  blend  and  warehouse 
for  its  storage 


B 

E 

C 

C 

C 

C 


II 

II 

II 

II 

II 

II 


Concentration  of  diluted  nitric  acid  with  help  of 
92-947.  H2S04  I 


Production  structure 

Section  of  absorption  of  exhaust  nitrous  gases 
Section  of  preparation  of  blend 

Warehouse  of  blend  and  loading-unloading  station 


C 

C 

C 

C 


Shop  of  sulfuric  acid  concentration 
Air-blowing  section 

Section  of  concentrators  and  electric  filters 
Mazut  section 

Warehouse  of  diluted  sulfuric  acid 
Warehouse  of  oil  of  vitriol 
Substation  of  electric  filters 

Production  of  ammonium  nitrate 


E 

B 

B 

E 


Section  of  neutralization 
Evaporation  section 

Section  of  crystallization .granulation (exluding 
room  of  evaporation  equipment)  ,  drying  and 
cooling 

Packing  station  with  platform 
Warehouse  of  ammonium  nitrate 

Section  of  preparation  and  warehouse  of  inorganic 
additives 


B 

C 


C 

C 

C 

E 


Production  of  carbamide 

Section  of  synthesis  and  distillation 
Section  of  compression  of  carbon  dioxide 
Section  of  pumps  for  pumping  liquid  ammonia  and 
ammonium  carbonate  solutions 
Oil  point 

Section  of  reprocessing  carbamide  solutions 
Granulation  towers 


B 

E 

B 

C 

E 

E 


II 

II 

II 

II 


III 

II 

I 

III 

II 

III 


II 


II 

II 

II 

III 


II 

II 

II 

II 

II 

II 
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Section  of  packaging 
Warehouse  of  finished  product 
Gas  holder  of  carbon  dioxide 
Central  control  point 
Warehouse  of  empty  packages 


C 

C 

E 

E 

C 


II 

II 

II 

II 

II 


Auxiliary  and  utility  rooms  for  all  productions 


Mechanical  workshop 
Transformer  box 
Water  pumping  station 
Electric  substations 
Shop  laboratories 
Central  control  panels 

Room  for  distribution  points  and  automatics 
Ventilation  exhaust  chambers 


E 

C 

E 

C 

C 

E 

E 


II 

II 

II 

II 

II 

II 

II 


By  categories  as 
for  production 
room 


Note:  The  category  of  fire  danger  is  presented  according  to  SNiP  II- 
M-2-62;  the  degree  of  fire-resistance  of  the  buildings  is  according 
to  SNiP  II-A.5-62. 


Table  V-2  presents  the  limits  of  explosiveness  of  gases,  vapors 
and  dust,  and  table  V-4  presents  the  limits  of  explosiveness  of  gas 
mixtures . 


One  should  also  bear  in  mind  that  explosions  of  solids  are 
possible  at  the  nitrogen  industry  enterprises.  Thus,  the  settling, 
of  ammonium  nitrate  on  the  blades  of  the  rotors  or  walls  of  the 
nitrous  fans  (most  often  when  there  is  too  long  of  a  time  of  firing 
the  contact  apparatus  or  when  there  is  a.break  in  the  contact  grids) 
can  result  in  an  explosion  if  the  fans  are  not  washed  with  water  in 
time. 


Accumulation  of  ammonium  nitrite  in  the  towers  for  absorption 
of  nitrous  gases  by  solutions  of  ammonium  carbonate  or  ammonia  water 
is  especially  dangerous.  Explosions  occur  if  sprinkling  stops. 

Ignition  and  explosions  are  possible  in  other  productions  of  the 
nitrogen  industry,  in  particular,  in  the  shops  of  ammonium  nitrate 
(see  section  on  ammonium  nitrate  for  more  detail).  It  should  be 
taken  into  consideration  that  mixing  of  liquid  nitric  oxides  with 
ammonia  can  also  result  in  an  explosion. 
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TABLE  V-2.  BASIC  PHYSICAL-CHEMICAL  AND  FIRE-EXPLOSION-DANGEROUS  PROPERTIES, OF  RAW 
MATERIALS.  AUXILIARY  SUBSTANCES  AND  PRODUCTS  OF  THE  NITROGEN  INDUSTRY1 >2 -6 -11 


Substance 


Ammonia  Mlt 


Nitric  acid 
hno3 


Sodium  ni¬ 
trate  NaNO. 


Nitrogen  Nj 


Ammonia  w a- 
ter(25Z 
aqueous  so¬ 
lution  of 
amnonia) 


Anraonlum 

nitrate 

nh4no3 


Use  and  role  in  nitrogen 
industry 


Final" product :  raw  material 
for  production  of  nitric 
acid  and  nitrogen  fertili¬ 
zers 

Final  product;  diluted  acid 
raw  material  for  production 
of  concentrated  nitric  acid 
nitrogen  and  complex  ferti¬ 
lizers 

Side  product  of  production 
of  diluted  nitric  acid: 
produced  as  comnercial-gradi 
product  (fertilizer) 

Included  in  gases  for  pro¬ 
duction  of  amnonia  and 
methanol 


For  purification  of  produc 
tion  gases  from  CO- i produce^ 
as  comnerclal-grade  product 


Final  product(fertilizer 
and  technical-grade  salt) 


Icolorless  combust  |1 5- 28 
tlble  gas  with 
sharp  smell;  with 
air  and  oxygen  formsj 
explosive  mixtures 
IColorless  liquid 
|wlth  caustic  smell 
incombustible .stron^wlth 
oxidizer 


Characteristics 


Limit  of  explo¬ 
siveness  ,vol . Z 


in  mix¬ 
ture  wicrii 
lair 


foes  not  form 
xploslve  mixture^ 
air  and 
loxygen 


emo 


[Colorless  .incombus¬ 
tible  powder ; pro¬ 
ves  spontaneous 
combustion  of  combusj 
tlble  materials 
[Colorless  gas  with¬ 
out  smell (incombus¬ 
tible)  (see  also  volJ 
I,  p.  29.48.54.61, 
and  following) 
[Colorless .transpa¬ 
rent  incombustible 
liquid  with  sharp 
smell  of  anssonia: 
[fire-danger  accepted^ 
for  ammonia  (see 
[above ) 

[Solid  crystalline 
substance  of  white 
[color 


Bn  mix 
ture  witH 
loxygen 


jTemjjerature , 


15-69“ 


Not  bum 


15-28 
(for  am¬ 
monia) 


Not  set 


15-79 
(for  am- 
jmonia) 


flashlgni 
fcion 


spon¬ 

tan¬ 

eous 

com¬ 

bus¬ 

tion. 


650 


650 


Temperature 
.of  breakdown 
depends  on 
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Acetylene 

C2H2 


Benzene 

C6H6 


Hydrogen 

h2 


Carbon 

dioxide 

CO, 


Sodium 

hydro¬ 

xide 

NaOH 


Product  of  methane  pyrolysis,- 
admixture  in  coking  gas 


Vaporg-admlxture  In  coking 
gas 


[Raw  material  for  production 
[of  ammonia,  methanol i  admix¬ 
ture  in  original  gas  for  pro¬ 
duction  of  carbamide 


^aw  material  for  oroduction 
of  carbamide)  Included  In 
'composition  of  gases  of  dis¬ 
tillation  and  production 
Igaaesi  obtained  during  thalr 
purification  from  CO, 

In  alkali  purification  of 
gases  for  production  of 
hmmonla  and  methanol 


Colorless  explosive  gas 
[with  characteristic 
sharp  smelli  with  copper)* 
silver,  mercury  and 
their  salts  forms  very 
explosive  acetylldes.At 
1.4  atm.  and  more  and 
SOO'C  (and  higher) 
breakdown  with  explosion) 
possible 

Colorless  transparent 
easily  igniting  liquid) 
with  air  and  oxygen  the 
vapors  form  explosive 
mixtures 

Colorless  combustible 
gas  without  smell.  With 
air  and  oxygen  forms  ex 
plosive  mixtures.  Mix- 
jture  with  chlorine (I ;1) 
explodes  in  light)  with 
fluorine ,H,  is  connected 
[with  explosion  even  in 
darkness)  mixture  with 
oxygen  (2:l)detonatlng 
gas 

Colorless  odorless  gas 


White  transparent  very 
hygroscopic  maas>  also 
42?  and  50X  aqueous  so¬ 
lutions  are  produced 


M  12.8 

{(all  mixtures  wltt) 
cetylene  content 
hbove  the  indica¬ 
ted  quantities  ar^ 
explosive) 


0.1-9. 5  -  -11 


heating  con¬ 
ditions  of 
nitrate  and 
presence  of 
(admixtures 


hO- 75 


40-94 


320 


640 


510 


3I'j 


630 


Oxygen 

°2 


(obtained  by  separating  air 
by  method  of  deep  cooling. 

Use  In  conversion  of  hydro¬ 
carbon  eases,  gasification 
of  solid  fuel .  in  direct 
synthesis  of  nitric  acid, 
in  production  of  carbamide 
(introduced  into  carbon 
dioxide  to  prevent  corrosion) 


Mono- 

ethanol- 

aminc 

NH,CH,- 

CH,OH 

Carba¬ 

mide 

(NH,),CO 

Methane 

CH. 


Methanol 

CHjOH 


Arsenous 

acid 

anhydrldi 

As20.j 


20Z  solution--selective  ab¬ 
sorber  of  CO.  in  purification 
of  gases  for  production  of 
ammonia  and  methanol 

Final  product ( fertilizer , 
feed  additive,  original 
substance  for  syntheses 
Admixture  in  gases  for  pro¬ 
duction  of  anmonia .methanol , 
carbamide  (to  1Z) 


Final  product 


lln  arsenic-soda  sulfur 
purification  of  gases  in 
[(production  of  aiiunla  and 
methanol 


Colorless  incombustible,  gas  which  actively  maintains 
combustion.  With  combustible  gases,  vapors  of  combus¬ 
tible  liquids  and  dust  forms  explosive  mixtures  in 
broad  range  of  concentrations.  When  0.  contacts  oil 
in  compressor  cylinders  and  other  equipment,  rapid 
Increase  in  temperature  occurs ,  intensive  oxidation 
and  evaporation  of  oil,  formation  of  explosive  mixtures 
of  oil  vapors  with  oxygen,  and  explosion  occur.  Cloth¬ 
ing  saturated  with  gaseous  oxygen  ignites  from  any 
flame  source  (match ,  cigarette) .  Liquid  oxygen  is 
extremely  dangerous:  in  contact  with  organic  sub¬ 
stances  it  forms  explosive  mixtures  (when  oxygen  con¬ 
tacts  asbestos  packings  and  fillings  made  of  cotton, 
paraffin  and  other  organic  substances,  fires  and  explo¬ 
sions  are  possible) .  Oils  and  fats  in  a  medium  of 
compressed  oxygen  ignite  spontaneously  with  an  explo¬ 
sion.  Oily  clothing  in  a  medium  of  oxygen  ignites 


liquid  with  smell  of  am¬ 
monia)  vapors  form  with  a 
and  oxgyen  explosive  mix¬ 
tures 

Solid  combustible  crystal¬ 
line  substance 

Colotless  combustible  ex¬ 
plosive  gas  without  smell 
(see  also  Vol.l,  p.  33  and 
following,  50,  71  and  fol¬ 
lowing) 

Colorless  easily  Igniting 
liquid)  in  contact  with 
Na-0  or  Cr.O,  ignites)  wll 
alf  and  oxygen ,  vapors  f oi 
explosive  mixtures 
Crystalline  or  amorphous 
substance  of  white  color 


source 

Mot  set 

95 

- 

X 

182 

223 

4.9-1.34 

5.1- 

. 

600 

5.5-36.5 

6.1 

8 

- 

- 

- 

450 


640 


537 


464 
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of  respiratory  passages) 
Arsenous  Strong  poison,  causes 
anhy-  acute  and  chronic 
drlde  poisoning 

As.,0 . 

Carbon  (Poisoning  substance, 
monoxide  causes  oxygen  deficiency 
CO  resulting  In  dyspnea 

Nitric  Causes  general  asthenia 
oxides  vertigo  .numbness  of  legs 
In  strong  poisoning- -nau 
(sea.  Delayed  actioni 
(lethal  outcome  possible 

In  large  concentrations 
acts  like  ndrcotlci  In 
small  concentrations 
causes  sickness  of  the 
nervous  system 
Acts  on  central  nervous 
system 


Carbon 
disul¬ 
fide 

cs2 

Carbon 
oxy sul¬ 
fide 
COS 

Monoeth-| 
anol- 
amine 
NH,CH,- 
CH-OIT 

Carba-  The  same 
ralde 
(NH,)2C0l 

Methane  Narcotic  In  large 
CH.  tentratlons 


Causes  skin  Irritation 


Metha¬ 

nol 

CHjOM 


0.3 


30 


5  (In 
con¬ 
ver¬ 
sion 
for 


Strong  poison i  when 
taken  internally  causes 
blindness  and  death. 
Mthal  dose  30  g 


10 


300 

(in 

:on- 

iot- 

lion 

for 

.« 

bo 


lot 

set 

0.003 

0.05 

(for 

arsenic) 

filtering 
Brand  A 

Ilia 

1000 

3.0 

1.0 

- 

Filtering 
Brand  SO 

lie 

0.085 

versl 

ho7) 

(in  con 
m  for 

Filtering 
mark  V 

Ilf 

1000 

0.03 

0.01 

1  .0 

Filtering 
Brand  A 

Ilf 

1000 

- 

- 

- 

Filtering 
Brand  V 

Ilf 

1000 

- 

- 

1.0 

- 

- 

- 

- 

- 

Antidust 

respirator 

lie 

500 

Insulating 
(oxygen)  oi 
hose 

la 

- 

- 

In  limits 
permis¬ 
sible 

1 

Hose 

Ilf 

1000 

63^ 


Sodium 

Causes  burns t  dissolves  pro¬ 

i 

0.5 

hydroxide 

tein  substances  with  forma¬ 

NaOH 

tion  of  scabs  and  scars  ■ 

especially  dangerous  when 
sodium  hydroxide  falls  into 

the  eyes 

Oxygen  02 

Nontoxlci shortage  of  0-  re¬ 
sults  in  decrease  in  inten¬ 
sity  of  oxidation  processes 
in  cerebral  tissue  and  dis¬ 
order  in  central  nervous 
system.  With  lengthy  inha¬ 
lation  of  pure  0, ,  death 
occurs  because  of  develop¬ 

Acetylene 

ment  of  massive  pleural  edema 
Narcotic (during  inhalation  i 

300 

C2H2 

causes  dyspnea  because  of 
reduction  in  oxygen  content 

(in 

con¬ 

in  air 

ver¬ 

sion 

i 

for 

; 

P 

Benzene 

Narcotic ■  with  acute  poison¬ 

20 

1.5 

ing  loss  of  consciousness 

D  O 

{possible.  Liquid  benzene 
'irritates  skin 

Hydrogen 

Inert  1  with  high  concentra¬ 

- 

- 

H, 

tions  causes  dyspnea 

£ 

narcotic  effect  aunifest 
{at  high  pressures 

Carbon 

Narcotic  and  suffocating 

- 

- 

dloxlda 

[(displaces  oxygen  from 

by  calcu¬ 
lation  for 
content  of 
organic 
substances , 
and  for  BPK 
Indicators 
and  dissolved 
oxygen 

Antidust 

respirator 


lllf 


1000 


lla  |  SO 


i 


0.5 


Filtering 
Brand  A 


Ilf  I  500 

i 


i 

i 


the  same  'Ilf 


1000 


Insulating  la  50 

(oxygen 

or  hose) 

the  same  la  50 


635 


C02 


Nitrogen 

«2 

Amonla 
water ( 251 
aqueous  so 
lution  of 
asmnnla) 
Aasaonlua 
nitrate 
nh4no3 


Note:  The 


respiratory  zone}i  in  small 
concentrations  stimulates , 
in  large  concentrations  in¬ 
hibits  rasplratory  center 
Physiologically  inerts  with 
shortaga  of  oxygen  in  air 

_ 

_ 

causes  dyspnea 

Causes  acute  Irritation  of 

20 

0.2 

mucous  membranes ,  lachry- 
matlon,  dyspnea 

(for 

annonla) 

Causes  burns  and  irritation 
of  skin ,  especially  when 
there  are  cracks  and  small 
wounds 

. 

~ 

current  width  of  the  sanitary  protective 


. 

Insulating 
(hose  or 

la 

0.2 

2.0<for 

oxygen) 

Filtering 

tie 

nitrogen) 

brand  KD 
or  M 

- 

- 

Antidust 

lie 

is  pinpointed  for  certain  substances. 


7 


636 


\ 


TABLE  V-4.  FIRE-.  EXPLOSION- DANGEROUS  AND  TOXIC  PROPERTIES  OF  GAS  MIXTURES 
NITROGEN  INDUSTRY3’14 


Gas 


[Composition 


Compo¬ 

nents 


Natural  fin  (CH,  ~ 

compos! tloriC-Hg 
correspondSCjHg 
to  gas  of  ICO, 
Stavropol ' 
field) 

Coking  gas  I 
for  syn¬ 
thesis 


IN, 


CO 

p. 

h;s4 

ico  2 

1C6H6 


Concent 
vol .  X 


rrre — 

0.25 

0.15 

0.5 

1.5 

57-61 
No  more 


Use  In  nitrogen 

Indus cry 

Limits  of 
explosive¬ 
ness  in 
air. vol.Z 

Basic  raw  macerial 
in  production  of 
gases  for  synchesis 
of  amnonia  and 
mechanol 

5.5-16.0 

Coking 
enriched 
fuel (rich 
gas) (GOST 
8331-57) 


CO, 


|Raw  material  for 
production  of  gas 


4.1-73.0 


than  5. Of or  amonia  synthe- 


No  more 
than  0.3 
I  5. 0-8.0 
24-27 
1.8-3. 2 
0.1-0. 5 
0.3-1. 4 
No  more 
than  3.d 
No  more 
than  4 
g/m3 
0.2  g/m 
0. 4-0,8 
cm3/m3 
(by  permanganate 
'method) 

0.98 
1.01 
1.74 

18.48 
5.59 

57.48 
14.72 


sis 


c0Hm 

n2 


I  Waste  in  separation 
of  coking  gas  by 
mathod  of  deep 
cooling  1  returned  to 
coking-chemical 
plant  for  burning 


5.25-19.5 


Fire- .explosion- 
dangerous  and 
toxic  properties 


In  large  concen¬ 
trations  has  nar 
code  effect 
Forms  explosive 
mixtures  with  air 
and  oxygen 
Has  general  toxic 
and  narcotic  ef¬ 
fect 

Forms  explosive 
mixtures  with  air| 
and  oxygen 


The  same 


USED  IN  THE 


Brand  of  pro¬ 
tective  gas 
mask 


Insulating  hose, 
oxygen (with  02 
content  less 
than  16  vol.Z) 


CO 


CO 
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Converted  gas 
(after  steam- 


2 


oxygen  conver 
sion  of  natural!)- 

gas  and  CO  con -jAf 
version  under  ICH, 
presssure  1 . 7 
a  era) 

Converted  gas  |C07 
(after  steam-  C0~ 
oxygen  con-  (II - 
version  of  Ml 
natural  gas  Ur 
CO  conversion  |CH,. 
under  pressure 
20  atn) 

Converted  gas  jCO- 
(after  high-  COz 
temperature  H- 
converslon  of  Hi 
of  casing- head  Kt 
gas  by  oxygen  |CH,. 
and  CO  conver¬ 
sion  under 
pressure  of 
30  atm) 

Converted  gas 
(after  second 
stage  of  CO 
conversion  at 
20  atm.  on 
low- tempera¬ 
ture  catalyst) 
Nitrogen-hydro-] 
gen  mixture 


Fresh  synthe- 
sia--gas 


i 

& 


& 


22.59 

3.75 

72.08 

0.48 

0.68 

0.42 


For  synthesis  of  ammonia  4. 1-5.1 
after  purification  >and 
doxing  of  nitrogen 


Has  general 
toxic  effect 


24.30 

2.46 

70.13 

0.52 

0.80 

1.74 


The  same 


4.15-68 


'The  same 


25.90 

3.75 

65.76 

3.40 

0.81 

0.38 


4.1-73 


17.  75 
0.28 
61.34 
20.19 
0.26 
0.18 


4-73.5 


74-75 
24.5-25 
0.3-1. 2 
to  0.3 


For  ammonia  synthesis 


67-69 

28-30 


For  methanol  synthesis 


Not  set  .Has  narcotic 
effect 
Forms  explo¬ 
sive  mixtures 
with  air  and 
oxygen 

the  samt  Has  general 
toxic  effect 


CO 


CO 


CO 


CO 


Insulating 
(oxygen  or 
hose) 

CO 


CO, 

0.5-1. 5 

Forms  explosive 

Ar2 

0. 3-0.4 

fixtures  with 

CH& 

0.4-0. 7 

air  and  oxygen 

*2* 

0. 5-1.0 

In  designing,  building  and  operating  nitrogen  industry  processes, 
one  should  be  guided  by  the  data  presented  in  tables  V-l-V-4,  the 
standardized  materials  indicated  ,  as  well  as  other  active  regula¬ 
tions  ,  norms  and  instructions  for  accident  prevention. 
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